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INTRODUCTION AND ACKNOWLEDGMENTS 


This paper on the cut-and~fill method of mining is one of a series on mining methods 
published by the United States Bureau of Mines. It has been compiled chiefly from recent 
publications of the bureau describing in detail mining methods and costs at various mines. 
Other sources of information were the technical press, the Transactions of the American In- 
stitute of Mining and Metallurgical Engineers, the Mines Handbook, and company reports. 
References other than those mentioned in Table 1, which lists the mines entering into this 
discussion and gives general data regarding them, are given in the body of the paper. The 
authors wish to acknowledge the kind assistance of many operating officials, either through 
correspondence or in the course of numerous visits to their mines. 


DEFINITION OF CUT-AND—FILL STOPING 


The cut-and-fill method of stoping is that method in which relatively small sections or 
slices are taken successively from the lower surface of a block of ground by open-stoping 
methods, the broken ore being removed and each section filled with waste material before the 
next is mined. This definition excludes shrinkage stoping, even with subsequent filling; 
it excludes square=—set and fill methods; it excludes the Mitchell slice method, which may be 
classed as underhand square~setting; it excludes the systematic use of stull sets and fill- 
ing, which is a variation of square—setting; it excludes any method involving the caving of 
the ore, walls, or overburden during the process of extraction, although caving may be 
allowed to take place when the waste fill is withdrawn for use in other stopes; and it ex- 
cludes any open—stope method without filling. Through variations, which will be discussed 
later, the cut-and-fill method merges into shrinkage stoping, open stoping, or square- 
setting. The use of casual timber support, such as props, stulls, or timber cribs for hold- 
ing up weak portions of the back does not constitute a change from cut-and-—fill to square-set 
mining. 

Cut-and-fill stoping is divided into two submethods: The horizontal cuteand-fill, or 
flat—back method, and the inclined cut—and-fill, or filled=-rill method. In the former the 
back-and=fill surfaces are kept practically horizontal. In the latter the back and fill are 
maintained parallel to each other, but at a considerable angle with the horizontal, usually 
such that the most of the broken ore will run by gravity down the slope to the extraction 
chute and the fill material will run into the stope and lie at its angle of repose. 
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g. with partial bibliography 


| Location |chier metals | Approximate | Mining methods 
[ets ll ok at RL NOWUNES | 2 acca Se ne 
= 

| 


ancus) Arizona Copper Co. Morenci, Ariz. |Copper | 1,200,000 |Many,. including cut-and-f111. 
arztell? |calumet & Arizona Mining |warren, Ariz. | copper | 500,000 |Rit2; semishrinkage; square—set; 
| Co. | | | | Mitchell slice. 
ele Cap? \Iron Cap Copper Co. |Globe, Ariz. | Copper | 90,000 |Ri12. 
yaa? | |Magma Copper Co. |Superior, Ariz. | | Copper 250,000 | (R22, 35 per cent (est.) 
| | | | | (Mitchell 
| | | | | slice, 40 do. do. 
. | | | | | (Square-set, 29 do. do. 
TERE Queen® | Phelps Dodge Corporation |Bisbee, Ariz. | copper | 6400,000 | (Square-set, 55 do. 
| | | | | (Top-slioe, 40 do. 
| | | | | (Cut-and—fi11, 4 do. 
aii58 bastern’ |United Eastern Mining Co. |catman, ‘Ariz. |Gold | 100,000 |Horizontal cut-and-fill. 
sired Verdo® = [United Verde Copper. co.  |Jerome, Ariz. {Copper | 2,000,000 |(Cut-and-fill, 61 per cent 
ee | i oe | | (Ra22, 3 do. 
| | | | | (Square=set, 27 do. 
| | | | | (Top-slice, 8 do. 
| | | | | (Shrinkage, 1 do. 
aterty Bell? [Liberty Bell Gold Mining | Te1luride, Colo. |Gold—silver. | 130,000 | (Open stulled stopes. 
| Co. | | | | (Formerly cut-and-fill. 
sane ee Telluride dis-— |Gold—silver | —_——= |Various, including cut-—and-fill. 
teat. Weswt trict, Colo. | | | 
teger Hi1L and | Bunker Hild & ‘Sullivan Min-|Kellogg. Idaho |Lead-silver | 450,000 | (Square-set. 
Sauiivan?? | ing & Concentrating Co. |. | | | (Some cuteand=fill. 


~ Scotland, P. B., Mining Methods of the Arizona Copper Co.: Trans. Am. Inst. Min. Met. Eng., vol. 51, 1915, pp. 267-280. 

~ Lavender, H. M., Mining Methods of the Campbell Mine of the Calumet & Arizona Mining Co., Warren, Ariz.: Inf. Circ. 6283, 
Bureau of Mines, 1950, 18 pp. 

~.998, C. E., Mining Methods and Costs at the Iron Cap Copper Co., Copper Hill, Ariz.: Trans. Am. Inst. Min, Met. Eng., vol. 
72, 1925, pp. 371-380. : 

~Sasv, F. W., Mining Methods and Costs at the Magma Mine, Superior, Ariz.: Inf. Ciro. 6168, Bureau of Mines, 1929, 32 pp. 
ct. 27, 1928, issue of Eng. and Min. Jour., featuring the operations of the Phelps Dodgo Corporation. 
Pullen, J. B., Resume of History and Operations of the Copper Queen Branch of the Phelps Dodge Corporation: Min. Congress 
Jour., Oct., 1930, pp. 764-772. 

'- Frm company reports, exoludes porphyry ore production. 

~koore, R. W., Mining Methods and Records at the United Eastern Mine: Tech. Publication 83, am. Inst. Min. Met. Eng., March, 
328, 35 pp. é 

'- Gayle, T. W., Mining Methods and Practices at the United Verde Copper Mine, Jerome, Ariz.: Inf Circ. 6440, Bureau of 
Mines, 1931, 31 pp. | 
‘4eril, 1930, issue of the Min. Cong. Jour., featuring the operations of the United Verde Copper Co. 

'- Stase, C. A., Notes on the Liberty Bell Mine: Trans. Am. Inst, Min. Met. Eng., vol. 42, 1912, pp. 694-741. 

“fel, C. N., Mining Methods of the Telluride District: Trans. Am. Inst. Min. Met. Eng., vol. 72, 1925, pp. 550-565. 

~- Eruwn, U. E., Mining Methods of the Bunker Hill and Sullivan Mining and Concentrating Co., Kellogg, Idaho: Inf. Circ. 6407. 
Bureau of Mines, 1931, 9 pp. 
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Mine | Company | Location |Chief metals | Approximate | Mining methods 
Ee EE LN : 
| 

hae’ tae eee se + Se i ~ hee en sem re a — <= 

Various!” |Copper Range Co. |Michigan | Copper | 500 ,000 |Horizontal cut and fill. 

Various!® | Anaconda Copper Mining Co. [Butte, Mont. | Copper | 3,000,000 | square set, 80 per o 

Pecos! | American Metal Co. of New |Tererro, N. Mex. |Zino lead | 200 ,000 | (Hor.cut and fill, 40 do 

| 
| Mexico | | copper | (Square set, 50 di 
5 
Ground Hog!° |Asarco Mining Co. (A. S. & |Vanadium, N. Mex. | Lead zine 40 ,000 | Square set; rill; some hori 
| R.) | | copper | cut and fill. 
ny | aa aes 
Eighty-Five |Calumet & Arizona Mining |Valedon, N. Mex. |Copper | 90 ,000 (Shrinkage, 85 per cent (es 
| Co. | | | (Rill, 15 do. d 

Questa!’ | Molybdenum Corporation of Questa, N. Mex. ‘Molybdenum | 10,000 | (Hor. out and fill, 90 per o 

| America | | | | (Open stope, 10 do 

Park utah? | Park Utah Consolidated Park City, Utah | Silver lead | 180 ,000 | Square get; cut and fill; 

| Mines Co. | | zinc | | Stulled stopes. 
Se | aH |Broken Hill, N.S. | Lead-silver- | —— \Various, including horizunt 
| | W., Australia | zinc | cut and fill. 
a) | 

Britannia-” |Britannia Mining & Smelting | British Columbia, | Copper | 1,000,000 | Shrinkage; square set; rill 
, | Co. (Howe Sound Co.) | Canada | | | stoping. 

Frood’! International Nickel Co. Sudbury, Ontario, |Copper nickel 1,200,000 Horizontal cut and fill; so 

| | | | 
Co. Canada. square set. 

Watahambre-- | American Metal Co.. (Ltd. ) |Matahambre, Pinar|Copper 350 ,000 | (Hor. out and fill, 70 per | 

| | del Rio; Cuba | | | (Square set, 30 do 

12 - Crane, W. R., Mining Methods and Practice in the Michigan Copper Mines: Bull. 306, Bureau of Mines, 1929, 192 pp. 
Schacht, W. H., Mining Methods of the Copper Range Co.: Trans. Am. Inst. Min. Met. Eng.. vol. 72, 1925, pr 
370. Mendelsohn, Albert, Mining Methods and Costs at the Cnampion Copper Mine, Painesdale, Mich.: Inf. Cire. 6515. 
of Mines, 1931, 16 pp. 

13 — Daly, W. B., and others, Mining Methods in the Butte District: Trans. Am. Inst. Min. Met. Eng., vol. 72, 1925, pp. 2: 
Dunshee, B. H., Timbering in the Butte Mines: Trans. Am. Inst. Min. Met. Eng., vol. 46, 1914, p. 147. Rahilly, BH. J. 
Fires and Hydraulic Filling: Trans. Am. Inst. Min. Met. Eng., vol. 68, 1922, pp. 61-72. Bicknell, H. L., Rill Sto; 
the Butte District: Compressed Air Mag., vol. 26, July, 1921, pp. 10153-10058. 

14 — Matson, J, T., and Hoag, C., Mining Practice at the Pecos Mine of the American Metal Co. of New Mexico: Inf. Cire 
Bureau of Mines, 1930, 21 pp. j 

15 =~ Richard, F. W., Mining Methods and Costs at the Ground Hog Unit, Asarco Mining Co., Vanadium, New Mexico: Inf. Cir 
Bureau of Mines, 1930, 13 pp. 

16 - Youtz, R. B., Mining Methods at the Eighty Five Mine, Calumet and Arizona Mining Co., Valedon, N. Mex.: Inf. Cir 
Bureau of Mines, 1931, 26 pp. ; sa: ee 

17 - Carman, J. B., Mining Methods of the Molybdenum Corporation of America at Questa, N. Mex.: Inf. Circ. 6514, Bureau o 


Table 1. Location, production. and general data on mines using cut-and-fill methods, with pertial bibliography-Conti 


1931, 15 pp. - ms j2% 
- Hewitt, E. A., Mining Methods and Costs at the Park Utan Mine, Park City, Utah: Inf. Circ. 6290, Bureau of Mines 


18 
18 pp. 

19 - Horwood, E. J., Broken Hill Underground Mining Methcds: Trans. Am. Inst. Min. Met. Eng., vol. 54, 1917, pp. 54-73. 

20 - Moore, J. I., Operations at the Britannia Mines: Eng. Min. Jour., vol. 122, Dec. 11, 1926, pp. 924-930. 

21 —- Mutz, H. J., Mining the Frood Orebody at Depth: Eng. Min. Jour.,; vol. 130, Nov. 10, 1930, pp. 445-452. 

22 — Richert, G. L., Mining Methods at Minas de Matahambre, Pinar del Rio, Cuba: Inf. Circ. 6145, Bureau of Mines, 1929 
Richert, G. L.,. Filling Stopes with Mill Tailing at Minas de Matahambre, in Pilar del Rio, Cuba: Eng. Min. Jour. 
127, March 2, 1929, pp. 348--352, 
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7acle 1.— Location, production. and general data on mines using cut-and-fil) methods, with partial bibliography-Concluded 
Mine | Company ’ | Location |chier metals | _Approxigate | Mining methods 


Ds ts | ee tonnage) 


| 2 i lt 


aruza?? |South American Development |Zaruma, Eouador |Go1a | 90,000 |Hor. cut-and-fill; rill. 
| oo. | | 7 oe _ 
ae General 24 |Cia. Minera Asarco |Charcas, San Luis|Zinc-lead | (?) \Underhand cuteandefill. 
| (A. S. & R.) | Patosi, Mexico | | | . 
olorada-° | Cananea Consolidated Copper|Cananea, Sonora, | Copper | 500,000 | Rill, 40 per cent 
| Co. | Mexico | : | | | Hor. ocuteand=-fill, 14 do. 
| | | | | Square~-set, 12 do. 
| | | | | Shrinkage, 14. do. 
| | | | | Drifting, 20. do. 
‘lares*® |Moctezuma Copper Co. |Pilares de Naco- | Copper | 800,000 | Hor. cuteand-fill, 60 per cent 
| (Phelps Dodge Corporation)| zari, Sonora, | | | Ria, 18 do. 
| | Mexico | | | Square-set, 18 do. 
| | | | | Top-slice, . 3 do. 
| | | | | Shrinkage, 1 do. 
anta Gertrudis”’|Cia. de Santa Gertrudis |Pachuca, Hildago, |Silver-gold | (?)300,000 |Horizontal cut-and-fill; square- 
| | Mexico | | | set; shrinkage. 
LIAF Tiger-® |Tigre Mining Co. El Tigre, Sonora, |Silver-gold | 70,000 | Hor. and rill out-and-fill. 
| | Mexico | | | Some shrinkage and open stoping. 
——?*9 |Syndicate Mining Co. |Rio. Guinobatan, |Gold | (%) 40,000 |Cut-and-rill. 
| | | Pr. | | | 
Sense t8 | eee |Krivoy Rog Dis- |rron | 6,500,000 |Open stopes; cut—and-—fill; 
| | trict, Russia | | (1913) | shrinkage. 


3 + Ezzel, Rudolph, Mining Methods in Zaruma District, Eouador: Trans. Am. Inst. Min. Met. Eng., vol. 72, 1925, pp. 447-467. 


du 


- Willey, Howard, Top Slicing with Filling of Slices, as Used at the Charoas Unit of the Cia. Minera Asarco, S. A.: Tech. 
Publication 364, Am. Inst. Min. Met. Eng., Sept., 1930, 17 pp. 


Oe 


- Catron, William, Mining Methods, Practices, and Costs of the Cananea Consolidated Copper Co., Sonora, Mexico: Inf. Circ. 
6247, Bureau of Mines, 1930, 41 pp. 
Elsing, M. J., Mining Methods Employed at Cananea, Mexico: Eng. Min. Jour., vol. 90, Nov. 5, 1910, p. 914, and vol. 90, 
Nov. 12, 1910, p. 963. 

§ - Leland, Everard, Mining Methods and Costs at the Pilares Mine, Pilares de Nacozari, Sonora, Mexico: Inf. Circ. 6307, 
Bureau of Mines, 1930, 34 pp. 7 . | | 
Fade, W. R., and Wandke, Alfred, Geology and Mining Methods at Pilares Mine: Trans. Am. Inst. Min. Met. Eng., vol. 63, 
1920, pp. 382-407. oe hap kee ; | | 

~ Rose, Hugh, Mining and Milling Practice at Santa Gertrudis: Trans. An. Inst. Min. Met. Eng., vol. 55, 1917, pp. 397-435. 


ai) 


- Mishler, R. T., and Budrow, L. R., Methods of Mining and Ore Estimation at the Lucky Tiger Mine: Trans. Am. Inst. Min. 
Met. Eng., vol. 72, 1925, p. 468. 2 | | 
- Kurie, F. M., Operating a Gold Property in the Philippine Islands, Eng. Min. Jour., vol. 128, Dec. 28, 1929, pp. 1004-1005. 


is 


-) ~ Bouldovsky, A. K. (translated from the original Russian by W. Ayvazoglou), The Methods of Underground Mining of Iron Ore 
in the District of Krivoy Rog: Inf. Ciro. 6254, Bureau of Mines, 1930, 48 pp. 
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HISTORY OF CUT-AND=-FILL MINING 

The cut-and-fill method of mining was an old and well-established one in the mines of 
Europe at least previous to the publication of Callon's lectures on mining, which were trans- 
lated into English about 1876. Probably the first extensive use of the method in the United 
States was in 1884, in the Chapin iron mine at Iron Mountain, Mich.‘ It was introduced there 
to supplant a stope-and=pillar method, The stopes were supported by very heavy timbering as 
well as by the pillars of ore, but as the mine became larger and deeper, the pillars began to 
fail, although they had been increased in size until they constituted 50 per cent of the 
ore. By the new method, ore which was moderately firm and not over 20 feet wide vas mined 
by taking overhand cuts along the strike of the vein, followed by filling with waste from the 
surface. In wider ore-—bodies cuts 8 feet high and 9 feet wide were taken from foot to hang- 
ing wall, followed by waste filling, and subsequent cuts alongside, until a complete floor 
was extracted, whereupon the process was repeated on the next floor above. Some of the old 
crushed pillars were extracted also in this manner. 

In a few years the cut-—and-fill method was adopted in practically all of the mines on 
the Menominee range.*® In many of these mines it was supplanted in turn by caving methods. 
Apparently the new method did not come into use in western mines until between 1905 and 1910. 
Since then the method has been used in many of the mining districts of the United States and 
other countries in many forms and under varying conditions. 


EXPLORATION 


Maximum production and efficiency in the mining of any orebody depend partly on having 
complete knowledge of its size, shape, and character before mining begins. While this is 
true regardless of the mining method used, the importance of this factor varies. In square-— 
set stoping, for instance, prospecting of the walls can be carried on, extensions of the ore 
into the walls can be mined, waste inclusions can be avoided or mined separately, and ore anc 
waste can be handled with relatively little regarc for the locaticn of chutes and haulage 
drifts and without serious effects on production or future mining. In shrinkage stoping this 
is not the case, as satisfactory results are obtained only by systematic breaking and draw-— 
ing. If drawing must be stopped in one part of a shrinkage stope in order to extract an ore 
extension into the wall, the ore may be drawn too fast from other parts of the stope, or the 
concentration of mining operations in another part of the stope necessary to maintain produc— 
tion may cause the outline of the back to become inconveniently irregular. The presence of 
an unsuspected body of waste. will greatly hamper operations in a shrinkage stope, unless it 
is of such nature that it can be left in place as a pillar. Shrinkage stoping can not read— 
ily be changed to other methods; it must therefore.be considered as a relatively inflexible 
method which demands complete knowledge of the physical character of the orebody previous to 
mining. 

Cut-and-—fill mining lies between square-setting and shrinkage stoping in respect to 
flexibility, and correspondingly with respect to the amount of exploration required. The 
highest efficiency can be obtained only with proper looation of chutes, manways, haulage 
ways, and waste raises, but the results of improper location are not as serious as in shrink-— 
age stoping in which it often happens that parts of the orebody may be completely out of 
reach of the original layout of drifts and chutes. Low-grade ore left behind in a cut—and-— 
fill stope is less readily mined at a later time than if square-setting had been used, but 
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4 Larsen, Per, The Chapin Iron Mine, Lake Superior: Trans. Am. Inst. Min. Eng., vol. 16, 1887, p. 119. 


5 Fulton, John, Methods of Mining in the Menominee Range, Michigan: Trans. Am. Inst. Min. Eng., vol. 16, 1887, p. @91. 
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if proper precautions have been taken in regard to gob fencing, such ore can later be more 
safely extracted than from the walls of an old shrinkage stope. As in square-setting, pros- 
pecting of the walls of a horizontal cut-and~fill stope can be done without much interfer- 
ence with stoping. Ore extensions or waste inclusions present no serious obstacles. If the 
character of the ground makes it desirable, the method is changed readily to shrinkage or 
square—set stoping. | | 

Drifting in the ore is the method generally used to seiaes an orebody previous to cut-— 
and-fill stoping. If the orebody is of the vein type, is regular, and distinctly outlined, 
and particularly if it is a single continuous vein of small width, drifts along the ore on 
two levels generally will define the orebody sufficiently for stoping purposes. These ex- 
ploratory drifts generally are a part of the necessary development work in any case, being 
used for haulage purposes after stoping begins. Raises in the ore from level to level serve 
Similarly, first to explore the orebody, and afterward to provide ventilation and serve as 
waste passes. It is unusual, however, for such simple means to satisfy all exploration de- 
mands. If orebodies are of the massive type or consist of irregular or scattered lenses or 
even fairly wide veins, the scheme of prospecting and exploration may be complicated greatly. 

At Matahambre the orebodies consist of scattered lenses along a more or less continuous 
belt or zone. These lenses are projected down from upper levels with fair accuracy, being 
usually regular in dip. On the lower level a main haulage drift is run parallel to the ore 
zone, and from it crosscuts are driven to intersect the orebodies at their projected posi- 
tions. If the orebodies are found, they are explored thoroughly on the level by further 
drifting and crosscutting; if not found where they are expected, the long-hole drill is used 
to discover their position. _ . 

At. the United Verde mine the orebodies in what is known as "the main ore zone" can be 
projected down from level -to level with enough accuracy to enable a main haulage drift to be 
driven just outside the ore as the first step in opening a new level. From this drift enough 
diamond drilling is done to outline both foot and hanging walls of the orebody and to permit 
subsequent development. work and stoping to be planned to the best, advantage. 

-The use of the long-hole drill for exploring orebodies is gaining rapidly in favor. 
It has been used extensively at Cananea, for example, taking the place of crosscutting in 
some instances and assisting in the laying out of development work. 

If stopes are silled out on the level, this serves to explore the orebody. This is done 
sometimes at Nacozari if the orebody is known to be of insufficient height to justify leaving 
a pillar over the drift. It is the invariable practice at the Magma mine. On the other hand, 
at the Pecos mine the stope is never sillec out on the level. This practice, together with 
the irregularity of the orebodies, makes it difficult to place the haulage drifts always in 
the best position and sometimes the sill of the stope is acvanced ahead of and 20 feet above 
the haulage drift on the level in order to take advantage of the exploratory value of the 
Silling-out operation. 

An interesting change- in exploratvonedevelcpuent policies has occurred in the Michigan 
copper mines in recent years which has played an important part in the remarkably large in- 
Crease in the grade of ore produced. 7 In these mines the extraction drift on a new level 
also serves the additional. and essential purpose of exploring the lode. Formerly such drifts 
were driven under contracts which paid for the footage driven regardless of the location of 
the drift in the lode. The miners often found it advantageous to run the drift next to the 
footwall slip and sehasquentiy the ore from this work was unnecessarily lean. Now the miners 
nave orders to "follow the copper." If they fail, the advance is halted while test holes 


fi 


6 ~ Knaebel, J. B., Sampling and Exploration by Means of Hammer Drills: Inf. Circ. 6594, Bureau of Mines, 1932, 29 pp. 
7 ~ Mendelsohn, Albert, Stoping Methods in Michigan Copper Lodes: Min. Cong. Jour., vol. 14, July, 1928, pp. 494-495. 
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are drilled or short crosscuts run to the walls to prove the ground, and the miners' con- 
tract payments suffer accordingly. 

As a stope is carried upward, further exploration is often necessary to insure that all 
accessible ore of minable grade is being extracted. This usually is done by long—hole drill- 
ing. At MatalLambre, if a stope narrows suddenly with indications that this may be due to a 
waste intrusion or to having followed false walls, long holes are drilled from the stope, 
using either standard drifting machines or a special heavy drill designed for this purpose. 
For a similar purpose short "stope drifts" or diamond drill holes are used at the United 
Verde mine to test the genuineness of doubtful walls. At this mine a compact diamond drill 
weighing only 50C pounds and capable of drilling to a depth of 250 feet has been designed for 
stope work. : 


DEVELOPMENT 
Development Ratios 


Development work has been subdivided in a previous paper of this series into two kinds: 
Preliminary development and stope development. ® It is believed that preliminary development 
work--—by which is meant skafts, winzes, adits, drifts, and crosscuts, whether in cre or 
waste—-is relatively independent of stoping methods; whereas stope development——by which is 
meant the raises and sublevels by which a block of ore is opened for storing-——is an integral 
rart of the stoping method. Comparisons between stope development ratios for various stoping 
methods should have, therefore, some bearing on the relative efficiencies and costs of those 
metheds. It is useless to attempt to base such comparisons on the "development" footages 
published by different companies, because there is no uniform, accepted definition of the 
term, and frequently a company will change its method of classification from time to time. 
Generally a large part of the stope development footage, as defined here, is classified as 
stoping. Neither are any figures available showing comparisons of development costs, on this 
basig, between different stoping methods in a single property. For this reason the theo— 
retical development footages srown in Takle 2 Lave been calculated for several mines, accord— 
ing to such information as is available regarding the orebodies and the mining methods. 
This tabulation and the accompanying illustrations, Figure 1,A to 1,P, are intended to re— 
present typical but not necessarily average conditions, and it is not implied that the de-— 
velopment ratios thus obtained are very close to those obtained in practice. The average 
development ratio thus calculated is 101 tons per foot of development work, or, eliminating 
the last three mines, which are working very narrow veins, 121 tons per foot. 


Preliminary Development Ratios 


The estimates of development ratios given in Table 2 include under the head "Preliminary 
development" cnly such drifts and crosscuts as are directly related to the stoping and which 
are therefore in proportion to the length of the vein; shafts, stations, ventilation raises, 
and main crosscuts are not considered. The ratio ranges from about 0.001 to 0.024 feet or 
development work per ton, or from 42 to 1,000 tcns per foot of horizontal development along 
the vein. It bears a rough relation to the thickness of the vein——-the wider the vein, the 
lower the ratio. When the width of the vein is more than 25 feet, however, this relation is 
obscured by other factors. If, for example, the stope becomes wider than 30 feet the shovel]— 
ing of broken ore to the chutes may be so costly as to justify an additional extraction adrift 


2 oe 


8 Jackson, C. F., Shrinkage Stoping: Inf. Circ. 6293, Bureau of Mines, 1930. p. 33. 
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A, CANANEA: HORIZONTAL CUT-ANO-F ILL STOPE-ANO-PILLAR METHOD 
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C, PILARES: HORIZONTAL CUT-AND-F ILL STOPE 
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E, UNITED VERDE: HORIZONTAL CUT AND FILL 
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D, PILARES: RILL CUT-AND-FILL STOPE 
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G, MAGMA: RILL CUT-ABD-FILL STOPE-AND-PILLAR METHOD 
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H, MATAHAMBRE: HORIZONTAL CUT-AND-FILL STOPE 
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1, PECOS: HORIZONTAL CUT AND FILL STOPES IN NARROW SECTIONS WITHOUT PILLARS 
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K, COPPER RANGE CO,: HORIZONTAL CUT-AND-FILL STOPE 
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J, ARIZONA COPPER CO.: FILLED BILL STOPE 
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1, CHAMPION: FILLED RILL 


Figure I|.- Diagrammatic sketches of ideal cut-and-fill stopes - Continued 
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and an additional line of chutes. Moreover, ground conditions in the vein, or congested 
haulage conditions, may require a main drift in the country rock. Thus, it is apparent that 
a high development ratio does not necessarily condemn a stoping method; it may be rather an 
expression of unfavorable mining conditions. “Conversely, a low ratio may be the result ofa 
costly and shortsighted stoping method rather than of an efficient one. Obviously, develop— 
sent costs can not be judged eeparevery from stoping costs. | 


Stope Development Ratios 


Making the suggested segregation of stope development from other development work, the 
average ratio for stope development of this group of ideal stopes is 171 tons per foot, or, 
again excluding the three mines working narrow veins, 210 tons per foot. The average stope 
development ratio for the three narrow vein deposits is 22 tons per foot, which represents a 
nuch higher development cost than the figure of 100 tons per foot given for shrinkage stoping 
in narrow veins.® The ratio of 171 tons per foot for the first 13 listed cut-and-fill stopes, 
bowever, compares favorably with the ratio of 163 tons per foot given for shrinkage stopes in 
vide, tabular deposits. | | 

Fill raises contribute from 0.001 to 0.020 Gee per ton to the theoretical stope devel- 
opment ratios listed in Table 2, which constitutes a cost ranging from 1 cent to perhaps 30 
cents a ton. 

Chute raises, where necessary, account for development footages: ranging from as little 
as 0.0005 to as much as 0.015 foot per ton of ore. 


Preliminary Development 
Level Intervals 


Table 3, which is a compilation for comparative purposes of data regarding the mines 
and stoping methods which are discussed in this paper, shows the vertical intervals between 
levels. One hundred feet is decidedly the commonest interval. This is customary and ccn- 
venient as regards nomenclature and visualizing the workings; however, it has little else to 
justify it. It seems probable from a consideration of the list that a larger interval is 
bore economical, as many of the older mines which have had time and opportunity to experiment 
have adopted intervals as great as 200 feet. Marked economies in main level development costs 
and in ore and waste handling costs can be obtained by increasing the interval. Vertical de- 
velopment will cost more and is sometimes the factor which limits the level interval. This 
added cost, however, may be partly avoided by using sublevels, as, for example, at Magma and 
Ground Hog mines, where only alternate levels are fully developed for haulage and the inter- 
acdiate levels serve for travel, ventilation, supplies, and to decrease the cost of driving 
the excessively long raises. Some types of ore are so destructive to chutes that the greater 
intervals between levels aré impracticable, because of ‘excessive chute repair costs during 
the latter part of the life of the stopes. It is suggested also that placing the level in-~ 
tervals at 100 feet or less may be the better policy for a shallow, young mine, particularly 
if the downward extent of the orebody is not known or reasonably certaih. 

It is not often that mines of considerable size can be worked through adits or tunnels 
alone. The Britannia-mine in British Columbia is one in which almost no ore or waste is 
hoisted. The gold mine of the Syndicate Mining Co., Philippine Islands, is worked to a depth 
of 500 feet through two adits spaced 250 feet apart. The Coronado mine of the Arizona 


3- Ibid, p. 36. 
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Copper Co. was worked chiefly or entirely through adits. At all the other mines listed in 
this paper ore and waste are hoisted through shafts. However, adits have been used in the 
development of about two-thirds of them, and more than one-third have their main ore hoists 
underground. This would appear to have no connection with the use of the cut-—and-fill stop— 
ing method. It is possible, however, that the general freedom from subsidence when using a 
filled—stope method permits the use of underground installations and a closer approach to 
the orebody by this means, as well as the saving of hoisting costs. 

' Main adits are driven generally with larger cross sections than drifts, because of the 
greater amount of traffic through them. Examples taken from the mines included in this paper 
range in size from the 7 by 7 foot Stillwell tunnel in the Telluride district to the 10 by 12 
foot main-haulage adits of the United Verde and Pilares mines. Grades of adits are usually 
1 to + of 1 per cent in favor of the loaded trains, which at the same time facilitates mine 


4 


drainage. 
Shafts 


Less than one-quarter of the shafts at the mines considered in this paper are inclined; 
these are chiefly mines of a relatively low daily tonnage. The Copper Range mines and the 
Bunker Hill and Sullivan mines are exceptions to the latter statement. In the former mine tke 
great depth of the lodes, dipping at 70°, and in the latter the flat dip of the vein com- 
bined with considerable depth, make vertical shafts uneconomical. Vertical shafts are gen-— 
erally preferable to inclined ones. | 

The location of mine shafts is an important phase of the development of all deep mines, 
but one which is often given insufficient consideration. The method of mining enters into 
this problem insofar as it affects ground movement or subsidence. Knowledge of the mechanics 
of ground movement is inadequate to permit a confident prediction of what will happen in any 
given case; this is especially true at a new mine where the characteristics of the ore and 
country rock are not well understood. If a caving system of mining is used, such as top— 
slicing, subsidence will commonly take place on as flat an angle as 40° to 45° away from the 
lowest point of caving. Crane! has recorded many instances in the copper and iron mines 
of Michigan where movement Las occurred on angles as low as 35°. Careful filling of stopes 
will usually prevent the initial movement which leads to subsidence. Although some settling 
is likely to occur where large areas are undercut, proper filling will restrict this movement 
to a minimum. Therefore, the use of a cut—and—-fill method will sometimes permit the location 
of shafts and surface plant close to the orebody with resulting lower costs. 

Other phases of shaft design, such as size, skape, and material of construction, are 
net closely related to stoping methods. The cut-and-fill method of mining theoretically re- 
quires @ minimum of timbering. Actually most mines using this method find it necessary to 
use considerable amounts of timter, not only for drifts and raises, but also for stoping. 
Therefore shafts at such properties are called upon to handle timber as well as less bulky 
supplies. Three of the mines considered in this paper, the Campbell, the Pilares, and the 
United Verde, have shafts containing a large service-cage compartment. Evidently only a 
large daily tonnage justifies the expense of such an installation. Almost all of the large 
porphyry mines have such shafts. 

Almost all ore hoisting is now done with skips rather than with cages, as was the prac- 
tice in former times; skips, of course, are necessarily used in inclined shafts. The Ground 
Hog is the only mine in the group discussed here that uses cage hoisting exclusively. At 
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10 Crane, W. R., Subsidence and Ground Movement in the Copper and Iron Mines of the Upper Peninsula, Michigan: Bull. 
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this mine, cage hoisting is thought to be almost essential because of the waste and number of 
Classes of ore handled. Of course, almost all vertical-shaft mines handle some or all de- 
velopment waste and some ore from new levels by means of cages, to avoid the immediate con- 
struction of skip-—loading pockets or to avoid interfering with ore hoisting. La Colorada 
mine, Cananea, during the development of new levels, hoists as much as 500 tons of ore and 
waste per day by means of two triple-deck cages. Handling waste by means of cages is par-— 
ticularly suitable to the cut-and-fill method of mining because the waste generally is needed 
for filling stopes and, if skips were to be used, underground skip dumps and waste pockets 
would be required. 


Drifts and Crosscuts 


Usually crosscuts must be driven from the shaft to the vein or orebody. At some mines 
the shafts are located so fortunately that these crosscuts are little longer than the re- 
quirement for a good shaft station. In such cases they are driven full station width until 
they intersect the vein, where drifts are turned off in either direction. Other conditions 
generally prevail, however, and in most mines crosscuts over 100 feet long are required to 
reach the ore. At the United Verde mine, in order to secure minimum average tramming dist— 
ance, the main crosscut on each level is directed toward the center of the orebody as pro- 
jected downward from the last level. At Cananea, where the shaft is about 500 feet north of 
the large, elliptical orebody, a service crosscut is driven south from the shaft and through 
the orebody, the development laterals being then turned off from it in both directions para— 
llel to the long axis of the ellipse. In addition, on the alternate levels which are to be 
haulage Levels, a main haulage drift is run close to and back of the shaft and continued in 
a complete loop around the orebody, intersecting the ends of the laterals. A haulage loop 
around the shaft is not always justifiable, as it involves considerable extra footage. At 
the Magma mine the haulage drifts are extended over the shaft pocket and past the shaft it~ 
self far enough to form a tail drift. Where the ore is hoisted in cages no tail room is 
necessary, but the shaft station must be laid out to provide switching room for loaded and 
empty cars. | 

Where the hoisting shaft is rather flatly inclined, the station almost necessarily 
extends over and parallel to the shaft far enough to give vertical clearance for a loading 
pocket. This is illustrated by the practice at the Bunker Hill and Sullivan mine. At the 
Copper Range Co. mines the shafts are in or close to the lode. If the shaft is in the lode, 
the ore is dumped directly into the skips from the cars. If the shaft is in the footwall, 
loading pockets may be provided. | 

Crosscuts from the shaft to the erebedy: may - driven larger than ordinary drifts, to 
permit free passage of men and trains, or even to allow double tracking; peuvent ye. however, 
they are the Same size as standard drifts. _ 

Drifts in the cut-and-fill mines considered here are of every variety. Apparently the 
location, size, or method of support of drifts bear little or no relation to the general 
stoping method used, whether cut—and-fill, shrinkage, square-set, or other method, but depend 
rather on ‘the position and characteristics of the orebodies and country rock, and on the 
scale of operations. - 

The first essential preliminary developnent apening: after the shaft has been sunk and a 
crosscut driven to the vein, is an extraction drift. In vertical or steep—dipping orebodies 
the most convenient location for this drift is in the ore midway between the walls. If the 
ere dips more flatly and is not more than about 15 feet wide, the best location for the ex- 
traction drift is at the footwall. This permits the most efficient placing of ore chutes 
under the stope. In a wide orebody more than one extraction drift may be required, as at 
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Cananea (see fig. 2) where the extraction drifts or laterals are driven lengthwise through 
the orebody at 40-foot intervals. As the stopes and pillars are laid out at right angles 
to these drifts, extraction chutes are spaced at 40-foot intervals along the center~lines of 
the stopes, giving a maximum shoveling distance in the stopes of 25 to 30 feet. At Pilares 
a single drift in the center of an orebody is sometimes sufficient for extraction purposes. 
At Matahambre a drift approximately in the center of the vein is driven for extraction. 
However, many different factors may force the location of an extraction drift elsewhere than 
in the center of the ore. Probably the most common of these is the character of the ground. 
Vecy often a drift close to cne wall of an orebody either in the ore or in the country rock 
can be maintained much more cheaply than one in the center of the vein. At the Ground Hog 
mine the ore is relatively heavy and weak and the hanging wall is stronger than the footwall, 
the latter being chiefly a thick soft seam of gouge. Therefore, the extraction drift is run 
in the ore along the hanging wall. At the Pecos mine the ore and walls are both weak; the 
extraction drift is run in the ore close to the footwall. 

When inclined cut-and-fill stopes are laid out at right angles to the strike in wide, 
steeply inclined veins, it would seem that the rill ought to dip toward the footwall to give 
the best support to the walls and to expose the least amount of back at one time. This would 
place the extraction drift on the footwall. However, no uniformity is found in this respect. 

Frequently the oxtraction drift, due to its closeness to stoping operations, is diffi- 
cult to maintain and must be supplemented for haulage purposes by another drift. Moreover, 
if more than two or three stopes are working along a vein the use of a single drift for tram— 
ming from all of them causes great congestion. Therefore, as, for exampte, at the Broken 
Hill, Magma, Matahambre, Park Utah, and Zaruma mines, main haulage drifts are run parallel 
to the vein and some distance away from it, either in the foot or hanging wall. At the 
United Verde mine the sulphide ore is so hard, and drifting in it is therefore so expensive, 
that extraction drifts are driven in country rock close to the edge of the massive sulphide 
orebody. If the entire width of the stope can not be reached economically froma drift in 
this position, then drifts in ore become necessary in spite of their high cost. 

Drifts in the hanging wall are useless for extraction purposes except in steeply dipping 
veins, Magma uses an extraction drift in the ore on the footwall, a haulage drift 25 feet 
away from the ore in the footwall, and a waste drift in the hanging wall close to the ore 
for stope-filling purposes. In this mine, as at Matahambre and Broken Hill, the main haulage 
drift is run first and then crosscuts driven from it through the orebody. At the Campbell 
mine of the Calumet & Arizona Mining Co. the main haulage drift is driven in the country rock 
of the hanging wall close to the ore, and extraction crosscuts driven from it through the ore 
body on the lines between stope and pillar sections. Contrary to the general practice, no 
drift is run in the ore at this mine. 

At Pilares the main motor—haulage drifts are 6 by 8 feet in section, and other drifts 
and crosscuts 5 by 7 feet. At the Pecos mine, similarly, the short crosscuts from the shaft 
to the veins are 7 feet high by 8 feet wide; drifts in the ore are timbered 7 feet high in 
the clear, 5 feet 4 inches wide at the top, and 5 feet 10 inches wide at the bottom. Numer-— 
ous examples could be cited without establishing any fixed rules for the size and method of 
support of these openings. The commonest cross section is 5 by 7 feet for drifts, with cross— 
cuts usually of the same size though sometimes larger. It is believed that it is good prac— 
tice to make the more traveled drifts and crosscuts, such as those between the shaft and 
orebody, larger than this, if only from the standpoint of safety. In heavy ground small 
drifts crush less readily than large ones, but if some crushing is inevitable before the 
useful life of the opening is finished, allowance should be made for this and the section 
chosen should be large enough to permit passage of cars without frequent chopping out of 
posts or caps. Most of the mines considered here use little or no timber in horizontal de-— 
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velopment openings, at least previous to the start of mining operations overhead. This is 
probably a reflection of the fact that cut-and-fill mining would not be well adapted to ground 
so soft as to require support in such small openings. When timbering is employed, the com- 
nonest practice is to use framed Oregon fir. Other varieties of timber and round timber are 
used, of course, when satisfactory quality is available at lower cost. Timber in permanent 
openings is often protected with preservatives such as fluorides, chlorides, or creosote. 
Timber sets are spaced generally 5 feet apart, though this spacing ranges from 3% to 534 feet. 
The timber used in a single set ranges from 150 to 300 board feet. 


Stope Development 

Stope development for cut-and—fill mining usually involves only raising, although oc-— 
casionally drifting is also necessary. The necessity for drifting occurs when the stope is 
opened at a higher elevation than the level by running a sublevel drift from raise to raise, 
as is done in the cut—and-fill stopes at the Eighty-Five mine. 

The chief purpose of a raise from level to level is to bring fill into the stope. Rare 
instaaces have been noted in the early accounts of cut—-and-fill mining in which the filling 
zaterial was hoisted or carried into the stope from below, but the universal practice now, 
if filling is obtained from outside the stope, is to drop the fill in from above. Raises are 
necessary for this, as well as for ventilation, supplies, and travel, at all periods of a 
Stope'’s life. Such raises usually start at the level, and because of the several purposes 
served, usually have two compartments as indicated in Figure 1. Fill raises are almost al-~ 
Ways driven in the ore and generally on the hanging wall. In an inclined cut-and-fill stope 
the raises must be driven where the high end of the rill is to be. In horizontal cut-and- 
fill stopes the raise is most conveniently placed in the center of the stope or, if more than 
one raise is needed, in the center of roughly equal areas. However, when a block of ore is 
being mined by means of stopes and pillars, or by a panel system, the raises may be most con-— 
veniently located on the boundaries between stopes, so that each may serve two areas. 

An exception to the general rule of driving the fill raises in ore was at the Magma mine. 
There the cost of driving raises from level to level in the ore was so high, owing to the 
hardness of the ore, the heat, and the great distance between levels, that for several years 
ail fill raises have been driven in the hanging wall. This resulted in much lower raising 
costs and the waste was conveniently used as filling in the stope. 

A few small mines find it advantageous to obtain the fill for stopes by driving in- 
clined raises into the walls (see figs. 1,M and 1,P). This practice is economical in narrow 
velns or erratic orebodies when the amount of waste needed for filling does not justify the 
expense of running raises to the level above or where waste for filling must be mined in any 
event. It is doubtful, however, if this practice could be justified on a large scale, ex- 
cept in very unusual cases. The undoubted value of the openings as prospects would scarcely 
offset the higher cost of the fill thus obtained and the possible weakening of the stope 
walls. Modern air drills with long or sectional drill steel can be used to prospect the 
fails much more efficiently. The requirements for ventilation and safety make a connection 
-0 an upper level necessary in most cases before stoping reaches any considerable height; 
stich a raise connection can be used for bringing in fill. 

Chute raises will comprise part of the stope development footage if the stope is silled 
out at some distance above the back of the drift. Their spacing, which will be discussed 
further under another heading, varies from about 15 to as much as 40 feet. Chutes and raise 
‘igbering also will be treated under later headings. 

A recent innovation in stoping methods at the Champion mine of the Copper Range Co., 
kKichigan, is shown diagrammatically in Figure 1,L, which should be compared with Figure 1,K, 
illustrating the older stoping scheme. The block of ore between levels is split into three 
£0-foot lifts by two sublevels driven from the raise. These sublevels are driven 8 feet 
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high and the full width of the ore, and the muck is scraped to the raise. The sublevels serve 
a very important purpose in exploring the orebody and these, as stoping progresses, become 
the sills of the rill stopes. The effect is to create three stope sections where formerly 
there was one. The new method involves a great increase in stope development footage, but 
offers advantages which outweigh the increased development cost. 


STOPING 


In planning a cut-and-fill stoping campaign, a choice must be made first between hori- 
ontal and rill stoping. This done, the laycut of the stopes and the size of stope sections 
must be decided on. In a new operation these decisions may not be final until much of the 
development work described in the preceding pages is complete. 

The first operation in cut-and-fill stoping is silling out, which consists of removing 
a horizontal slice of ore over the entire area of the block of ore to be mined as a stope. 
Tf it is done on the level, silling out is followed by timbering an extraction drift and 
building chutes and manways at the desired intervals along the drift. If the stope is silled 
at some distance above the level, extraction chutes and raises usually are made ready in ad- 
vance, so that as the sill face advances it will encounter the tops of the chute raises. 

If horizontal cut-and-fill stoping is to be done, the routine cycle of filling, breaking 
and removing the ore starts at once upon completion of the above steps. If inclined, or 
rill, cut-and=-fill stoping has been decided on, the next step after silling out is to cut 
successive inclined slices from the back of the stope, starting at a waste fill raise. 
Usually two or three cuts, depending upon the safety with which work can be done under a high 
back, are taken before the pile of broken ore is cleaned out and the fill placed. This fill 
is not spread, but is allowed to remain at its natural angle of repose and generally is 
covered with a temporary flcor cf plank. Another cut is then mined up the slope, the broken 
ore running to the bottom of the slope. Filling and mining alternate and the length of the 
rill increases until the toe reaches the chute which is to form the end of the stope. After 
that, the chute must be built up after each cut and before filling. 

With either the horizontal or the rill method some change in procedure will be necessary 
upon reaching the level above. Most commonly square-setting is adopted, as this method is 
well adapted to heavy ground and to working under old filled stopes. 


Horizontal Versus Inclined Cut-and-fil] Methods 


The idea behind the inclined cut-—and-fill stoping method, as behind many similar ones, 
is to reduce or eliminate hand shoveling. However, the choice between the inclined cut-and— 
fill stope and the horizontal depends on so many factors that few generalizations can be 
made. Rill stoping when practicable usually gives lower costs than horizontal stoping. A 
tabulation of the mines using the cut-and=-fill method, however, shows that only slightly 
more than half of them use the rill method, and the inference is that conditions in the other 
mines prohibit the use of the lower cost method. 

Ground conditions are the most important factor in making the choico between the two 
methods. If loose or running ground is sometimes encountered in the stope, the result in a 
rill would be to flood the part of the stope below the run, whereas on a horizontal floor 
the run would tend to seal itself and stop. If the ore is so loose and blocky as to require 
much support in the form of stulls or cribbed bulkheads, the rill method is not practical. 
Such support is difficult to place on the steeply sloping floor, and is always in danger of 
being knocked out by moving broken ore or fill. A third element of ground conditions which 
is of prime importance in almost all mining operations is the extent and orientation of 
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plas of weakness in the ore and country rock. An excellent illustration of the importance 
of this factor is the experience of the operators at the Ground Hog mine. Considerable 
trouble was experienced with falling slabs of ore in the horizontal cut-and-fill stopes 
because Of the presence of prominent horizontal jointing in the ore. A change was made to 
the rill method and the trouble was practically eliminated, as in this method of stoping no 
one large flat slab of ore would be deprived of support. 

If the ore occurs mixed with waste to such an extent that considerable sorting is neces-— 
sary in the stopes, say as much as 20 per cent of the material broken, the rill stope is 
ordinarily at a disadvantage because of its limited storage space. A moderate amount of 
sorting is possible, however, if the stope is properly laid out, and under exceptional cir- 
cCustances, Such as at the Champion copper mine, Michigan, it may be possible to sort out 
and leave in the stope a very large part of the ground broken. For reasons likewise related 
to the lack of storage space it is inconvenient to handle more than one class of ore in a 
rill stope, whereas this can be done as readily in the horizontal stope as in any mining 
rethod. Even in a rill stope, however, double chutes can be provided to handle high or low 
grade ores. Selective mining would be difficult in a rill stope, because of the necessity 
of advancing the face full width up the slope of the rill. 

Working conditions are normally much better in a horizontal cut-and-fill stope than in 
arill stope. An inclined floor is always a poor working place because of the insecure foot~ 
lng. Falls of men and material are more frequent and more serious. Falls of rock in any 
part of the stope may injure men working farther down the slope. It is harder to move from 
place to place, and timber and machines are handled with difficulty. Pipe lines and hose are 
ln danger from rock moving down the incline. Men must work with part of their attention fo- 
cused cn all the rest of the men in the stope. Against all these unfavorable items going to 
raxe up the working conditions in a rill stope is only one on the other side of the balance; 
sozewhat better ventilation prevails in rill stopes than in horizontal stopes, due to the 
better natural draft and the fewer chances of short-ecircuiting. | 

Continuous operation and even production are desirable in any mine. Cut—-and=fill stop- 
ing is essentially an intermittent rather than a continuous process. However, unless a 
“Orizontal cut~and-fill stope is very small, the mining face can advance from one end to the 
cher, followed closely enough by filling so that when one end of the stope is reached the 
Other will have been filled and the floor laid, ready for mining to start again. Ina rill 
Stope, the mining on any given rill must stop while filling is being done. Therefore, enough 
rills must be worked at once so that miners will not be idle or ore production cease. The 
‘ill method, incidentally, makes heavier demands on the fill supply system than does the 
-Orizontal, because of the large volumes of fill required immediately upon completion of a 
cut. One of the advantages of the semi~shrinkage method used in some stopes at the Campbell 
cine is that the cycle is extended and filling interrupts production less frequently. 

The inclined cut-and~fill method is less flexible than the flat-back method and is not 
acapted to the mining of very irregular-shaped ore bodies, because of the difficulty of 
“alntaining gravity flow of ore and fill over a floor of uneven width. It is most suitable 
or the working of uniform, vein-like or tabular deposits which are extensive enough to be 
-svided into large sections. At Butte, the rill cut-and-fill method, as illustrated in 
Figure 3,11 has largely superseded the earlier flat—backed cut-and-fill method in the narrow-— 
‘r veins. In these mines both rill cut-and-fill stoping and rill square-set stoping show 
“gher labor efficiencies than flat—-back square-setting or flat cut-—and-fill. 


a ee Forms aimee dabei oa 
-1- After Bicknell, H. L., Rill Stoping in the Butte District: Compressed Air Mag., vol. 26, July, 1921, pp. 10153- 
10158. 
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Labor efficiencies in stopes at Butte! 
__Stoping method Tons per man-bour? 
Square—set... adnaceel 0.6513 
Rill Vantiapered) as | ..8017 
Rill (timbered).......... | .TT96 
Back filling... | 6106 
Stl Lerten: colehe | 5075 
Average, all stopes.. | »6515 


1 = Daly, W. B., and others, Mining 
Methods in the Butte District: 
Trans. Am. Inst. Min. Eng., vol. 
72, 1925, p. 282. 

2 ~—~ Includes all men in stopes and in- 
cludes sorting. 


Tf a considerable amount of wall prospecting must be done to discover possible parallel 
veins or ore shoots, the horizontal stope provides better opportunities to do this work.. 
Where this prospecting is done by drifting or raising,. the disposal of the waste would com— 
plicate mining in a rill stope. If it is done with long-hole compressed-air drills or with 
diamond drills, the working conditions along the slope of a rill would be found unfavorable. 

Local custom is undoubtedly often an important factor in making the choice between the 
two methods of stoping. Miners as a rule favor the old, tried method of doing their work. 
Square-setting, shrinkage, and open stopes fall under this description. From shrinkage 
stoping to horizontal cuteand-fill is not a great change, as far as working conditions are 
concerned, and even obviously increases the safety of the men. Rill stoping, however, in-— 
troduces a different set of conditions in that much work is done on a sloping floor and the 
men must be continually conscious of what is being done above them in the stope. For these 
reasons local prejudice usually favors the former method. 


; Size of Stopes or Stope Sections 


In small orebodies a single horizontal cut—and-fill stope is frequently extended over 
the entire ore area. This has often been the case at Questa, Copper Queen, Pilares, and other 
mines. Such a procedure has a distinct advantage in that no gob fences have to be built and 
the inconvenience of mining alongside old fills and the cost of pillar extraction are like-— 
wise avoided. Several crews can work in a long stope in a vein without sectionalizing the 
stope by starting work at two or more places in a roughly horizontal back or by advancing 
the mining faces from end to end in a series of stopes. The latter process is indicated in 
Figure 1,K, which illustrates one type of Michigan copper range practice. 

A small orebody is likewise often extracted completely by an inclined cut-and-fill stope 
operated as a single rill, or perhaps a double rill worked by one mining crew alternating 
from side to side. 

A long orebody in a vein could be worked conceivably by advancing a single rill after 
it was developed from one end to the other, thus eliminating the cost of driving fill raises 
except the one needed to start the work. One serious objection to this would be the rela 
tively low rate of production from the orebody and the complete stopping of production while 
filling the stope after each cut. Another objection would be the extreme length of the rill. 
The length on a 40° slope would be 140 feet from the top of an extraction drift to the floor 
of a drift 90 feet above. 
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In long veins, therefore, if it is necessary to have more than one rill face working, 
stoping sections must be laid out for separate operation. A section may consist of a fill 
raise in the middle and two outward rills extending to chutes at either end; or, more com- 
monly, may comprise two rills sloping down from fill raises at either end to a common extrac-— 
tion chute at the center of the section. - Such double sections are usually 125 to 150 feet 
long. Fences or bulkheads are built at the ends of sections to retain the fill in order that 
adjoining sections may follow at-a lower elevation. The waste raise may be of the stulled 
type used at the Eighty-Five Mine, }? in which case, in a narrow vein, it will in itself serve 
to retain. the waste fill in the higher of the two stope sections. 

In a wide orebody, suoh as was worked by longitudinal rill stopes on the 700 level of 
La Colorada mine, Cananea (fig. 1, B), it is often necessary to build heavy cribbed bulkheads 
or gob fences across the stope in order to run fill into one or the other of the two rills 
which are served by the same fill raise. It is also necessary to prevent the fill from over 
running the extraction chute at the bottom of the slope, where the ore from the opposite rill 
is being drawn-out; further timbering expense is incurred in this way. 

When an-.orebody is of such large size or the ground so heavy that it is soaatenee 
stoping will have to be carried on in sections less than the full size of the orebody, there 
are two possible procedures. Either the cut~and-fill method will be used exclusively or an 
initial line of stopes will be mined by this method and pillars left between for later ex- 
traction by some other method, such as square—setting or the Mitchell slice. 

In the first case, stope sections 15 to 25 feet wide are usually (as at the Pecos mine, 
fig. 1,1) laid out across the strike of the deposit, that is, from wall to wall. Such sec-— 
tions may be carried in a stepdown series, each one being a sufficient distance below the 
older adjacent stopes to prevent interference of operations. Moreover, the face of one stope 
is carried far. enough above the next in line to allow time for the fill to settle and afford 
maximum. Support to the walls while the second is being mined. For the sake of efficiency of 
operations,. the width of each sedtion should be as much as the ground will permit. 

In. thé second case, that-is, if a stope and pillar system is adopted, the widths of 
stopes and pillars depend oh several factors, which can be appraised only roughly in advance 
of actual experience. Some of these factors are the ability of the ore to stand over wide 
spans, the amount of wall pressure developed by mining, and the relative cost of the methods 
proposed. for mining the original stopes and the pillars. The natural tendency is to make 
the stopes as wide-as the ground will stand safely, and the pillars as narrow as will support 
the walls without.complete failure. In this way it is expected to get the greatest advantage 
of the lower-cost method. Unfortunately, the pillars are often made so narrow that by the 
time they. are minéd the ore in them is taiing weight and may even be very badly fractured.: 
In this event the mining cost-.in the pillars will be increased seriously, resulting in a high 
average cost for the combined stopes and pillars. At La Colorada mine -horizontal cut—and- 
fill stopes were laid out 30 feet wide and the intervening pillars 40 feet wide on one level 
and 50 feet. on a lower level. The pillars are to be extracted by top slicing. In large 
crebodies at Pilares rill stopes-not over 30 feet wide are laid out across the strike of the 
crebody. -The width of pillars .is not stated; they are extracted by square-setting or top 
slicing. . At: United Verde, in the- main orebody, vertical- pillars about 50 feet wide have 
ceen left at intervals of 150 to 200 feet, extending across the orebody and continuous from 
the 1500 level down. Even though conforming to this pillar system, the stopes are very ir- 
regular in area and range from 30 to 160 feet across the ore body and from 60 to 200 feet 
along the strike. This variation is due-both to the irregularity of. the orebody itself and- 


22 = Youtz, Ralph B., Mining Methods at the Eighty-Five Mine, Calumet and Arizona Mining Co., Valedon, N. Mex.: Inf. 
Circ. 6413, Bureau of Mines, 1931, pp: 7-8 and Fig. 6. : 
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to the varying ground conditions, which sometimes prohibit wide backs. The cut-and-fill 
stopes, however, if the ore is continuous, are not mined in sections, that is, with lengths 
less than the distance between pillar lines. In exceptional cases one end of a small offset 
secticn may be left to be extracted later by some timbered stoping method. The main pillars, 
both vertical and horizontal, are mined either by square-setting or by top=-slicing with back 
filling to prevent subsidence. Thus cut-and-fill stoping is in no case carried on adjacent 
to filled stopes. At the Magma mine stopes are 16 feet wide and separated along the strike 
of the vein by 14-foot pillars, which are later mined by the Mitchell slice method. 

No mine is known in this country where the cut-and=-fill method has been used for ex- 
tracting pillars, although it is used for this purpose in some of the mines in the Krivoy- 
Rog district in Russia.!* Lavender,/‘4 however, states: "In laying out the stope and pillar 
sections, it was planned to work both stope sections by cut-and~-fill methods. The pillar was 
to be recovered by means of a Mitchell slice running at right angles to the long stope di- 
mensions. While work at presert has not progressed to the point of mining the pillar sec- 
tions, the success of the cut—and-fill method in this section (of the mine) has made it prob- 
able that a serious attempt will be made to use the cut-and=-fill in mining the pillars." 
At this mine the stcpes were laid out in pairs, each stope 45 to 50 feet wide, and each pair 
of stopes separated from the next pair by a pillar 45 feet wide. In some places in this ore- 
body where the distance from hanging wall to footwall was excessive and would have resulted 
in a very long rill, each stope was subdivided further by a gob fence or single lead of 
square sets into two equal parts. 


Billing Out 


The relative merits of silling out a stope on the level or above it are the subject of 
much discussion. Two factors favoring silling out ahove the level are the decreased cost of 
handling the ore, which can be loaded through chutes into cars instead of shoveled by hand, 
and the lowered cost of maintaining the haulage drift, which is protected by pillars of solid 
ore above or at least on both sides of it. When stopes are thus silled out above the level, 
the extraction drift may not require timbering, as, for example, at Cananea. 

Factors which favor silling out at the elevation of the floor of the drifts are: The 
possible better location of the gangway and chutes with respect to the orebody as determined 
by the silling out; the avoidance of the often difficult and costly work of extracting pil- 
lars sometimes badly crushed, beside and over the drift upon the completion of the next 
stope below; the elimination of the chute raises from the drift to tho sill of the stope; 
and the possibility of abandoning fill raises upon the completion of the stope they were 
driven to serve, instead of having to maintain them to provide filling for these pillars. 
In some cases the last factor may be of little importance because fill can be obtained at 
this stage of the operation by tapping the waste fill in the stope above, 

At Magma the disadvantage of shoveling the sill floor ore by hand is avoided by using 
mechanical shovels; this permits a vory rapid opening of the sills. At Matahambre it is 
found that it is very difficult to maintain the haulage drift while removing the pillars 
under large stopes, so that if there is not already a drift in the footwall, one is usually 
driven at that time. 

Sill floors are opened either by advancing a face the full width of the vein from one 


@_om — 4 


13 = Ayvazoglou, W., The Metkod of Underground Mining of Iron Ore in the Distriot of Krivéy Rog. (Translated from the 
original Russian of A. K. Bouldovsky): Inf. Circ. 6254, Bureau of Mines, March, 1930, 48 pp. 

14 = Lavender, H. M , Mining Methods at the Campbell Mine of the Calumet & Arizona Mining Co., Warren, ariz., In- 
clined Cut-and-Fill and Semi-Shrinkage: Inf. Circ. 6289, Bureau of Mines, April, 1930, 18 pp. 
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Figure 4.— Drill round for silling out cut-and-fill stopes, La Colorada mine, Cananea 
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Figure 5.— Gangway timbering af Butte, showing use of sheeting 


a 
Digitized by Coc gle Original from 


THE OHIO STATE UNIVERSITY 


00% og 292 nd 
Pree 
Redes oat 


see: 


Do 
Q° 
a oc 
96> ‘ 20, 


ta 
joo: 2230 ong 
rere Ili 
ne 
a 20 20H 
vi Do. oe lil 
of 86 Bay) 


Yn Os 
QodO, g 
3 9 Oe 
%? 42.2, 0 
- 20% 
& 17°90 
€8 0D 
8 Ill 
_ ny 660g 
CJ he ayy 
“she sce lill 
- 
e a 
& fe eoeal iil 
te IMI 


O%a 

Ge sy * 
bee 
no 


Ro Re 


Ne PIII 
aoe 
eee lll 


Os he 


= Tata 


mast 


lll 
9 10eane S 


Fee 


By + Ht 
od 


> oe 


SH 
oor 129 
oPoe 0 5° U 
ps ° ae “s 
a, eI a 
ry Bae 8 
sobs 


o *2°9 "do OC OAn 
Q Y 
Peace) cael 


o 2o,08 egos oF 
fo8..9 
es evil 


Dg} 58 9,770 
30, 98 Sha a 
030 ogo%" 90008 
sree ae ee lll 
Mi Se esaalllllllll 
ge | 
es Soe? lll 


vw © 
ee 4 eo 


een: See lll 


a 


oe a STTUTTTTT 


BX nese 598 oe | 
Gers ae oe umn 


—m 


LONGITUDINAL SECTION 


B-B 


SECTION 


SECTION A-A 


Figure 6.—Cut-and-fill stope at Park Utah mine, showing novel sill or gangway timbering 
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dof the panel to be mined to the other, or by slabbing off the walls of a drift. The 
latter is the usual practice at mines where the stope is silled on the level. At Magma, in 
acdition to a drift in ore along the foctwall, crosscuts are run from this crift to the hang- 
ing wall at 30-foot intervals; the sill of each'stope is then opened up to its full length 
16 feet by slabbing off the sides of this crosscut. In La Coloraca mine at Cananea cut- 
ad-fill stopes are silled either 11 or 22 feet above the level (one or two top-—slice floors) 
by advancing a 30-foot face from end to end of the stope. Figure 4 shows a slabbing round 
ued for this work. Recently a stope was opened by driving a drift along the center line of 
the stope and then slabbing from the drift to full sill dimensions. This was found to offer 
n clear advantage in cost. At the Eighty-Five mine small sublevel drifts are run from both 
ends of the stope to the center raise and then widened by slabbing to form the sill of the 
stope. | : 

The practice of driving sublevel drifts preparatory to silling out has several advant- 
ages: It develops the vein quickly, gives several points of attack for silling out, and 
oertits the most economical handling of a large part of the sill ore, especially when the 
stope is a large one. As pointed out previously, this drift may even be extended far enough 
in advance to serve as a guide for driving the extraction drift. 

Stope sills are usually cut to an initial height of. 10 to 15 feet before any filling is 
placed. This may be done by advancing a high face to the desired limits, or by taking two 
sialler cuts. The latter practice is followed at Pilares, where the stope is first opened 
tc its horizontal limits 8 feet high, after which an additional 6 feet is taken down and re- 
toved before placing the gangway and filling. -- 


Building Gangways_and Chutes 


If a stope is silled on the level, timbering:is necessary to provide a gangway after 
the filling is placed. In a narrow vein this timbering may consist merely of caps set in 
‘itches in the wall at the desired height akove the floor. If-the walls are weak or the an- 
‘icipated pressure on the caps great, one or two posts may be stood under each cap. 

At Butte, cut-and—fill stoping is confined to the narrower veins, not over 15 feet wice. 
In such veins the stope is always silled out on the level to the full width of the ore. To 
Prevent the breaking of drift caps ty the weight of fill it is the practice to carry the fill 
om "sheeting," or lagging, which is laid on false sets about 30 inches above the drift caps | 
(fig. 5)'° or even to maintain a full set open above the drift. This greatly reduces drift 
‘imber repairs, and facilitates them if unavoidable. | 

At the Park Utah mines a novel gangway timbering method is used when ground conditions 
ae favorable (fig. 6). With a good back this method of timbering should result in an ap- 
ieciable saving in timber cost. It is comparable to the use of stulls from wall to wall in 
arrow vein stopes in place of regular drift sets. 

In wider veins several methods of sill timbering are used. One method is to stand a. 
line of regular drift sets along the desired gangway position, lag the -tack and sides secure— 
ly, block thé sets upright by temporary props or stulils, and fill. the rest of the sill with 
“aste. Square-sets are used frequently in place of drift timber. At some mines the gangway 
“ets are stood on sills of 5 by 10 timber. This is advantageous if the gangway must be 
“dintained while mining out the ore below it. : 

If the size and life of a stope will justify the- slight added cost, pony sets should be 
fevided at each chute. This practice will invariably increase the speed and safety with 
‘Lich cars cah be loaded. If the ore is to be hand trammed in small cars, the economy of 
tes. 

‘S = After Bicknell, H. L., Rill Stoping in the Butte District: Compressed Air Mag., vol. 26, July, 1921, pp. 10i53- 
10158. 
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loading from a pony set is doubtful. In this event the drift should be wide enough at the 
chute to give the loader safe working room, and preferably high enough so that a platforn 
can be built on the side of the drift for the loader to stand upon. 


Methods.of Breaking Ground 


Ore is broken in a horizontal cut-and=fill stope by either breast stoping or overhand 
stoping. In the former the drill holes are practically horizontal; in the latter the holes 
are drilled verticaliy, using the stoper type of drill. 

The choice between the two methods should depend partly on the nature of the ground. 
Granting that the aim of the primary blasting is to reduce as much as possible of the ore to 
a size to be handled conveniently out of the mine with a minimum of secondary breaking, ad- 
vantage should be taken of the joint structure of the ore when pointing the drill holes. If 
such jointing is horizontal, causing a tendency for large masses to fall with the first hole 
of a round of shots, the use of vertical holes will counteract this tendency. Against this 
argument several factors may be pointed out which strongly favor the use of breast stoping 
with horizontal holes, regardless of the ground structure. It is often dangerous for the 
miners to stand under the back being drilled, and especially under a brow such as exists at 
an advancing stope face. When breast stoping, the miner stands in front of the dangerous 
brow and under a fresh, recently trimmed and presumably properly arched back. Vertical holes 
undoubtedly scatter the ore more than the horizontal holes, making more work for the shovel— 
ers. Finally, stoper holes pointed into the back usually leave a more uneven and ragged back 
after blasting, which is harder to trim down to a safo condition and which is more difficult 
to support, if support is required. Formerly, breast stoping was favored in very hard ground 
because the Leyner=type machines could drill such ground faster than the stoper drills. This 
factor is of less importance to-day because of the cevelopment of larger and more powerful 
types of stoper machines. Incidentally, the use of stoper machines prohibits the filling of 
the stope closer than 5 or 6 feet from the back, which in certain cases might be ccnsidered 
a disadvantage. At the United Verde it was found by trial that whereas the use of stopers 
gave better fragmentation than was possible with horizontal holes, the practice had so many 
undesirable features that it had to be abandoned. That the acvantage lies with breast stop— 
ing in most cases is confirmed by the fact that in a large majority of the mines using cut— 
and—fill methods (see Table 3) the ground is broken in this way. Only the United Eastern, 
Park Utah, Santa Gertrudis, and to some extent the Pecos and Matahambre mines of the group 
considered in this article use back stoping in horizontal stopes. This is rather striking 
in view of the almost universal acceptance of the method in shrinkage stoping. 

The height of a single cut ranges from 6 feet, as in the United Eastern and Matahambre 
mines, to ll feet, as at Cananea. Filling is done usually after each cut, but at some mines 
two cuts may be taken before filling, the second being drilled from on top of the ore broken 
by the first. Economies in breaking ground doubtless can be achieved in many mines by the 
use of high lifts; such measures are especially advantageous when scrapers are used to move 
the’ broken ore and spread the waste fill, because scrapers are most efficient when large 
quantities of material are available. This is exemplified by the practice at Park City ana 
recently at Cananea. At the latter mine the practice of breaking two ll-foot slices has re— 
sulted in a great decrease in stoping cost. However, an important accident hazard is cer— 
tainly increased when higher backs are permitted over places where men have to work. A back 
not over 10 or 12 feet high is easily inspected and barred down. If higher than that, the 
back is usually "out of sight, out of mind." 
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Figure 7.— Drill round in cut-and-fill stope, United Verde mine 
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Drill rounds for cut-and=-fill stopes seldom are standardized, because of the irregu= 
larities of face and ground conditions usually existing in even a single stope. A common 
practice in breast stoping is to drill two horizontal rows of Loles, each row having a bure 
den of 3 to 5 feet. The holes are fanned cut from the position of the drill set-up so that 
each hole will have about the same everage horizontal burcen of 3 to 5 feet. Figure 7 is a 
typical stope round used at the United Verde mine. uG Figure &, wrich illustrates several 
Stages in the development of a rill stope at Butte, shows that the ground is broken by breast 
stoping, although earlier practice was sometimes to drill the whole length of the rill with 
Stopers before starting to blast. 

Drill rounds for back stoping, using stoper drills, are similar to these used in shrink- 
age stoping. In wide stopes the holes should be spaced regularly in parallel straight. rows 
in order to break the ground to a smooth face. 


Drilling 


Wide stopes, hard ore, and the use of the horizontal cut-and—-fill method of Dining, oh- 
viously favor the use of mounted drifter-type drills. Narrow veins, scfter ore, and the 
difficulty of Setting up drifters on the slopes of a rill are factors favoring the use of 
stoper drills or even jackhammers, A great many other factors are likewise of importance, 
such as the initial and repair cost of different types and sizes of drills, drilling speeds, 
“epth of hole desired, the aptitude of the miners, and the cost of labor. 

‘topers can be used in a cut-and-fill stope only when the ore is of such a nature as to 
‘orm a Strong secure back over the required span. Otherwise the danger to the miner operat~ 
ing the drill is excessive. At Matahambre, stopers are used only to make the initial cut in 
a back; the cut is then carried slong the stope by drilling flat Loles in the breast with 
/ackhanmers , Cananea, United Verde, and Calumet & Arizona use heavy drifter=—type machines 
‘1 'Stopes. At Pq] ares and in the Copper Range mines mounted jackhammers are used. 
rea a Of wet drills is universal in many districts, less common in others, and in- 
Gs nh afew. Where stopers are used it is partioularly difficult to force miners to 
en "€cause of their natural objection to the resulting dirt and water, especially 

cold mines, Dry drilling raises dust which is almost always harmful to breathe, and the 


use 
ae mater is believed to remecy the condition in large part without seriously increasing 
NE Costs, 


Prili steel 


Hollow r 
Crifter type 


7/8=inch hexago 


Nd steel 1 or 14 inches in diameter is generally used with machines of the 
One-incl., hollow quarter—octagon steel is the most commen for stopers and 
5° and 140 ie N for jackhammers. Bits are usually of the cross form, with double tapers of 
saterial ss the sides of the wings. The purpose of the double tarer is to present as much 

POSsible to bear on the side of the hole, thus reducing loss of gage. Length 


cCanges 
bach i from 10 to 22 inches, and the gage is generally reduced 1/16 or 1/8 inch with 
“ange in length. 


. Drilling and Blasting Underground at United Varde Mine: Eng. Min. Jour., vol. 121, May 29, 
ry Dp, 877=38] 
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Table 3.— Comparative data on mining details at mines using the cut-and-fi)) stoping methad 
(Section A) 


a General data 7 . peer 


| silver 


| generally steep—dipping, averaging 


15. 


Name of mine | Principal | Approximate lore nined| Types of orebodies | cubic feet | Percentages 0 
| metals | grade | dally, | |per ton ore| different sto 
pa tons | i nce | ine methods us 

= a a ee 
Campbell | Copper [5 per cent | 1.500 |Solid, large sulphide mass, well de- | 9  |FR, seai-SHR, S 
| | | | fined footwall dipping 25° to 90°; | | uS. 
. | | | | 50 to 250 by 500 feet in plan | | 
Copper Queen | copper |S per cent | 1,000 |Irregular, small] to large limestone | 9-11 |Ss 55, TS 40, § 
; | | |excluding| replacement, sulphide and oxide | | and FR 4. 
| | lporpayry | | | 
| | [| ores | | | 
United Verde |Copper |S per cent | 3,000 |Irregular, small to large replace- | 6-10 |HCF 61. FR 3. § 
| | | | ments in schist; main orebody pipe- | | 27, SHR l. 
ae | | | like, about 300 by 1,100 feet, 60° | | 
| | | | ate | po 
Frood | Copper, |4 1/2 per cent | 6,000? |Large tabular cahesive sulphide body | Probably 9 |HcF, minor aso 
| nickel | copper | | in greywacke, 40 to 200 feet wide, | | ss. 
| |2 1/2 per cent | | 65° dip | | 
| | nickel | —— | | 
La Colorada | Copper | (?) | 1,500 |Massive Sulphide pipe, about 200 by | 8-12 |FR 40, HCF 14, 
| | | | 300 feet | | 12, SHR 14, 4 
| | | | | | velopment wor 
Pilares | copper [s per cent | 3,000 |Irregular, small to large, usually | 12 | HCF 60, FR 18. 
| | | | tabular and vertical sulphide bodies| | 18, TS 3, SHR 
| | | | in breccia, around and within a | | 
| | | | large pipe like structure | | 
Magma | Copper \7 per cent | 800 |Large, continuous vein, 80° dip, 5 to| 10 1/2 [FR 35. MS 40, 
| | | | 60 feet thick, averaging 25 feet, | | 
| | | | 1,200 to 1,500 feet long | | 
United Eastern|Gold | $20 | 300 | Quartz-calcite veins in fault fis- | (%) |All HCF. 
| | | | sures in andesite, 500 to 1,500 feet| | 
| | | | long, 500 to 1,000 feet deep, up to | | 
| | | | 45 feet thick, dip 70°-75° | | 
Champion | Copper |2 per cent | 1,500 |Tabular deposits of native copper in | 11 |Formerly ehief 
| | | | anygdaloid bed dipping 70°, maximus | | HCF, now char 
| | | | thickness 80 feet, average 17 feet | | to FR on lowe 
| | | | | | levels. 
Butte District |Copper, |4 1/2 do. | 10,000 |Quartz-sulphide veins in granite, | |ss 80, HCF and 
| | | | 
| | | | 


| 10 to 30 feet thick 


1 - Symbols are used tO represent stoping methods as follows: 
STS = Stulled stope. 


filled rill. 
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OS - Open stope. 
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HCF = Horizontal cuteand-fill. 
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FR = Inolined cut-and—fil 
SHR - Shrinkage. SS - Square-set. TS — Topsilice. 
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Table 3.— Comparative data on mining derails at mines using the cut-and-fill stoping method —- Continued 
(Section A — Continued) 


of sine Principal Approximate Ore mined Types of orebodies | Cubic feet 


|per ton ‘ore 


Percentages of 
netals grade daily, 


dif ferent stop— 
1 |_in_ lace |ing methods used? 
ae I a es ie i te 


$1.50 gold | silicified fissure zones in ande- 


| site. Economic mineral argentite. 
Widths up to 18 feet. Main vein 


dips 60° 


| 
‘Zine, lead, lie per cent zinc | 500-600 |Vein-like, lenticular sulphide re— (?) Iss 50, HCF 40. 
| copper | 4 do. lead placements in shear zones in diorite . 
uF | | 1 do. copper schist, average 25 feet thick dip | 
| | ping 70° to 90° | 
& Utah Lead, zinc, |Relatively high $00 |Lenticular ore shoots in fissures in | (?) [chiefly SS. HCF 
silver | grade | limestone, 3 to 80 feet thick, 40° | | and some STS used 
| | to 55° dip | | Only in stopes 12 
| | | | feet ur less in 
| | | | width. 
abaabre Copper | 5 per cent 1,900 | Irregular tabular or pipe-like sul- | 10-11 | Hor. 
| | phide orebody. Quartzite footwall, | | 
| | | shale hanging wall, dip ganerally | | 
| | | | 42° to 45°, average thickness per— | | 
| | haps 30 feet | 
a Cap Copper | 3 do. 300 | sulphide and oxide ores in fissure 11 FR. 
| | | vein, dipping 80°, thickness 3 to 40 
| | feet, average mining width probably | 
| | | 5 feet | 
\leride Gold, silver $5 to $8 | 150-400 |Quartz—sulphide fissure veins in vol-| 11 3/4-13 |Various, including 
istrict | | | canto rocks, dip 60° to 80°, average | cut—and—-fill. 
| thickness 2 to 3 feet | 
hty-Pive Copper 2 1/2 per cent 300 |quartz-sulphids veins in fault fis— | Probably 12| SHR 85, FR 15 
| | | | sure in granodiorite and andesite, | | (approx.). 
| | | | average width 5 feet, dip 80° | | 
mind Hog \zine, lead, 15 per cent zinc | 130 | Quartz~sulphide veins in fault fis- | 9 Iss. FR, a little 
| copper, | 8 do. lead | | sure in granodiorite and diorite | | HCF. 
| silver | 3: if2 do, copper| perphyry, dip 50°, thickness = to 25 | 
| | 6 1/2 ounces | feet | 
| silver | 
ita |Molybéenun | 7 per cent 30-50 pester irregular, quartz-sulphide (2) | HCF 90, OS 10. 
| veins in alaskite porphyry. Ore | 
| averages 12 to 18 inches in widtn. | 
| | Dips range from 20° to 90°, averag—- | 
| | ing 60° | | 
Sta |Silver, extha cunces silver, 1,000 |Large and persistent ore shoots in 13.6 |HoF. SS, SHR. 
Atirdis | i 
| | 
| ef 
| 


— ee 


4 
| | 


epee SE A RIO gO Se OLE ae a 


* Srabols are used to represent stoping methods as follows: HCF — Horizontal cut-and-fill. FR - Inclined cut-and-fill, or 
‘led rily, 


tlicg, 


OS - Open stope. STS — Stulled stope. SHR - Shrinkage. SS - Square set. TS — Top slice. MS —- Mitchell 


~The Screened and sorted ore sent to the mill averages 2.56 specific gravity, which is equivalent to 12.5 cubic feet per ton 
"laid or 19 cubic foet per ton broken. 
i are 
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Table 3.- 


(Section A ~ Continued) 


GRD ea a CR a es 


Name of mine | Prinoipal | Approximate [ore mined| Types of orebodies Cubic feet | Percentges q 
| netals grade | daily, | | per ton of | different stc 
[eaaeeeenates | $20 — | —_____—___|ore in place|in_aethods us 
Sipe eaeea || era Eeesrees eEMeNRroe- SOR IaE (nPce Athan PA NW Lea eL oan SOE eRe SCRE Ne) EeER neem | eemonercs eee 
Lucky Tiger |s silver, gold| 40 ounces silver, | 250 | Sulphide veins in fracture planes in | 12.5 |Chiefly HCF, s' 
| | $5 gold | | rhyolite or rhyolite tuff. Average | FR, minor apo 
| | | | thickness 1.7 feet, rarely as much | | of SHR and OS 
| | | | as 20 feet | | 
Zaruma |Go1d | $9 | 300-3550 | quartz-calcite-sulphide gold—bearing | 12 lFR. 
| | | | veins in fault fissures in altered | 
| | | | dacite; thickness 3 to 20 feet, av | | 
| | | | erage dip 65° to 70° © | | 


ES AE EE SY ED I 


(Section B) 


Name of ming |____ evelopment details |S ine out stones 
|Depth | Level | Location of extraction | Size of drifts, | Proportion of |Stopes silled|Height of : 
|mined, |interval, | drifts and crosscuts | feet | drifts timbered | on or above | cut, f¢ 
| crt Oe 5 ee en ce — 

| 


Campbell | 2,300] 7100 |prifts in hanging wall close| 6 by 8 motor [Only under stopes|10 feet above | 3 
| | | to ore. Crosscuts at pile | S by 7 other | | | 
| | | lar lines | | | | 

Copper Queen | 1,800 100 |Usuaily in ore, but various | 9 by 7 |small, previous |20 feet above | 10 
| | | due to irregular shape of | | to silling out | | 
| | | orebodies | | stope | | 

United Verde | 3,000| 150 | In country rock close to ore| 35 by 10 |about 5 per cent [21 to 25 feet (14 {two 7- 
| | | | | timbered when | above | cuts). 
f | | | | driven | | 

Frood | 3.000] 200 |Footwall drift 65 feet from | (?) | (7) |30 feet above | ; 
| | | ore. Extraction drifts r | | | 
| “| | parallel to strike on 44 or| | D; | 
| | | 65 foot centers . | | | | 

La Colorada | 1,500| 125 |Aaround and through orebody | 5 by 8 |About halt \22 foet above | 11 
| | | at regular intervals (gen~ | | | main levels; 
| | | erally 40 feet) | | [23 feet else— 
a | | | fj mmere 

Pilares | 1,900| 100 and [an ore 5 by 7 and | Small |On or 20 feet ji (one 8 
| | 133 | | 6 by 8 | | | above | one 6). 


s 
TC LIT TT I LO LL LC IE LEO OOO. EE SCT agree 


1 - Symbols are used to represent stoping methods as follows: HCF — Horizontal ocut~and-fiil. FR - Inclined cut-and-fil 
filled rill. OS ~ Open stope. STS — Stulled stope. SHR — Shrinkage. SS — Square-set. TS - Top slice. MS — Mit 
slice, 

2 =- Alternate levels are used as haulage levels. 


3 — Gangways under stopes. Elsewhere timbered drifts are 5 by 7 and untimbered drifts 6 by 8. 
672 ~ 24 - 
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Table 3. Comparative data op mining details at pines using the out-snd fill stoping method - Continued 
(Section B ~ Continued) 


REE eee Ge EP 


we of pine etn OVO] ODBONY details Siding out stopes 
Depth | Level Location of extraction Size of drifts, | Proportion of |Stopes silled|Height of sill 
mined, | interval, drifts and orcssouts feet | drifts timbered | on or above | cut, feet 
feet |__coot_| aaa ae Jueves | 
See ET TEN, 2: Pen - LO | RRRN - eeOO EI [SERNAME (s/c SUOT Re ONENESS DMEM Saereeas (manne /OOy RNa (. Seer 
Ba 2,800 1190-15¢| 10 footwall 25 feet from 7 by 9 end Large 7? On level | 10-12 
| vein, and drifts in ore at 8 by 8 | 
‘footwall and crosscuts | | | 
through vein 
ted Eastern| 1,300} 75, 100, !In vein § by 7 1/2 Little On level Either one or 


| 
| 
| 
| 
| 
| 
| 
| 
| 
150, 200| | 
| 
| 
| 
| 
| 
| 
| 
| 


| where necessary to avoid stopes are sill-. 


| | | two sets plus 
| | | | | 6 root 
pion | 4,000| 100 lin lode 8 high, 9 to 13 [Nearly all under ‘on levels and| 8 
| | feet wide Old system. Only; sublevels | 
| ' @ spall part at | 
| present | 
@ district; 3,600; 100, a It veins 5 by 7 1/2 Small, in advance | On level for | (?) 
few 200 | of stoping | veine under | 
| | 15 feet 
8 1,050 100 Jin ore at footwall 3 1/2 by 7 driftsiAll drifts ia ore| 20 fget abovo! 7? 
7 by 8 crosscuts | timbered | | 
Utah 600 150 In ore near eitner wall, cr |8 by 8 main | (7) jOn level 9 
in heavy ground a drift in | drifts; | | | 
country rook on both sides {5 by 7 crosscuts | | | 
| | of orebody | | | | 
1ambre 1,800 100-130 |Main drifts in footwall | Sty 7 |Small li feet above| 12 
| Ito be 150| Extraction drifts in ore | | | 
in future| | | | | 
Cap | 1,540] 100 |In ore on footwall | 5 by 7  |None. until loa level | 15 
| stopes startod | | 
| above | | 
ride 600- | 100-250 |In ore 6 by 7, 6 by 9 (7) Zz (2) 
rit 1,000 | ) | 
J-Five 1,600; 100 In ore. on footwall i/ vein ls by 7 or 6 by 7 (?) 120 feet above |Cut to inclined 
is rore than drift width | | | | back. 
Hog | 800) 450 [rn ore | S by 7  |Little, until [On level | 14 
| | | stopes are sill-| | 
| | | oa oxt | | 
a | (2) | 40-100 |rn ore | 41/2 by 6 1/2 [Abcut 10 per cent! do. | 7-12 
| 2,000] 165 |in footwall | (7) | (7) | do. ‘One floor. 
nas | || | | | 
Tiger | 1,200] 100 |zn ore | Sby7 | (7) | do. (7) 
a 1,106] 98 In ore, and in footwall | 5 by 7 Very little wnt | 
| ! 
| | | 


| 
: 
do. / 16 172 
| 
| 


| | heavy ground or water | ed sut 


lternate levels are used as haulage levels. 
11 development is by adits. The total vertical range of the principal workings is about 500 feet. 


= 25 -= 
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Table 3.=— 


- mine [Horizontal | Breast or Height {Depth | Kind of | Percentage ‘|Percentage |Method of moving | Center to | Grizz) 
or ine lor back | of cut, | of | drills of ore re- | of broken | ‘ore in stope | center | openta, 
=e clined | stoping. fie - feet l. {notes,4- -- a -: [quiring-seo=|rovk sorted}- es an spacing of | incht 
@ - stoping i r | feet | 4 - ondary -~ ap ~out-as res an . chutes, | 
| | | | | |preaking | in | waste | | feet | 
Se eed | ed (aeneine Sees 
|—ta_|_as__|_ie__|_a7_|__ie_|__ie___|__zo_|_g, |__| 

Campbell | Inclined |Breast | 12 | 7-8 |prirters | Consider- |None |Gravity | 10 | 10 
| | | ro 4 | able r | | | | 
Copper {Inclined | do. | 10 | 5-7] do. |About 10 = |None | do. - | Various , 10 
Queen | | | | | | | | | 
United [Horizontal | do. | T | T-8 | do. |Large | 2 |Hand shoveling j26 1/2 or 22| ll 
Verde | Inclined | do. | 10 | (7) | (?) | do. | 2 [Gravity | 
Frood |Horizontal| do. | 7 | (?) |Drifters | (7) [Probably |Wostly hand shov-| 16 1/2 or |?) 
| | | | | | | none un— | eling, some | 27 1/2 | 
| | | | | | | derground |. scrapers - | 
La Colorada|Inclined | do. | 12 | 10] do. jAbout 30 | None? |Gravity and scra-| 150 to 200; + 
|Horizontal | do. | ll | 12 | | | | pers in rills. l in rills, | 
| | | | | | | | Hand shovels, | 40 in HCF | 
| | | | | | | | wheelbarrows, | | 
| | | | | | | a and scrapers | | 
| | | ; 4 | | | elsewnere | | 
Pilares |Both | do. | 8 | (?) | do.- | (?) [always some | Hand shoveling | 30 | iF 
| | | | | | | [and gravity | | 
Magna | Inclined | do. | T | (?) |Stopers [Little | Probably |Gravity | 30 " : 
| | | | [none | | | 
United |Horizontal|Back =| 6 | (?) | do. |Lattie, [Probably |Hand shoveling |, 22 1/2 ~~ - 
Eastern | | | | | | probably | none | | | 
Champion |Both |Breast | 4 | 10 |Dritters | (7) =| 40 |Gravity and hand [Approx. 200!  - 
| | | | oa | | | | shoveled ane 7 | 
| | | i ae | | [oars | oo 
Butte pe |Back, in| . 8 | 6 —_ | (?) |APprox. 20 |Hand shoveling or|26 £6 40 in | (? 
district - ee | both | | | 3 | i i | gravity = | HCF, 112 in| : 
| hori- | | | | | “a Jriuas | 
| | zontal | = || 2 | | | | 
| pend ff 2 ft | | | | | 
| [ran | po | | | | | | 
Pecos —- |Horizontal|Both? | © 7 °| (t) |Stopers, {Probably | 20 \Hand shoveling | 15 to 30 | i 
| | : | | | | jackham= | very snall?| a i | | 
| ; | | | mere | | | | | 
Park Utah | Horizontal |Back and| 16 | 8 |Drifters, [Very snall |None, |Scrapers |50 to 150, ff (*: 
‘| | breast? | (two 8~ | | stopers | | probably | | average 100| 
| | | toot || | | | | | 
| | fou J | | | | | | 


1 - Thickness of cut normal to slope in rill stopes. 


2 - A small amount of hand mucking is done. Scrapers are used in silling out stopes. 
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Table 5. Comparative data on mining details at mines using the cut-and-fill stoping method — Continued 
(Section C Continued) 
bask _Breaking eround ving ore out of stone hens 
Keze of {Horizonta: | Breast Height. lDeptn } Kind of | Peroeotage | Percentage \Metnoa of moving | Center to | Grizzly 
nine or in or back | of out,. | of drills | of ore ree | of broken | ore in stopa | center | openings, 
Clined _jstoping | -- feet holes, quiring seo-/ rook sorted| | spacing of | inches 
| stoping | feet |. . ondary out as | chutes, 
_ | breaking in | waste | feet 
Ba ce a ea ll = ee 
| eae ee (| ce ee es (eee ee fetes Bela a 
tahasbre |Horizontal|chiefly | 6-7 | (?) | Jackhammers| (?) Some sortod|Hand sheveling or! 50 | (?} 
| | breast? | | | some stop | | out, paid | wheelbarrows | | 
| | | | ers | for by the| | | 
| 64 | | | ton ! | 
la Cap | Inclined Breast | 6 ? | (?) |Stopers | (?) |None Gravity | 125 | (?) 
lurids |Horizonta:| (7) | (7) | cry | cry | eR) | (7) | (2) | 50 | 
strict | | | | | | | | 
hty-Pive| Inclined | Breast | S | (?) |Stopers lAlmost none |None Gravity | 140 | 10 
or back | | | | 
tad Hog ! do. Breast 3 | (2) |Stopers, Almost none |Consider- lcravity and hand | 50 | - 
| | jackhan- | able | shoveling | | 
|  deee, 1 om . | | | 
sta Horizontal; Back (2) Seldom|Stopers or | Almost none | About 60 [Hand shoveling. | 50 | - 
| more | hand | | | rarely wheel- | | 
| | than | drills | | | barrows | | 
| 3 teot| | | | | | 
ta do Back |Probsbly | (¢) [Probably | (7) None, ‘Hand shoveling | 165 | 6 
ctrudis | | | 6 | stopers | probably | and wheel | ° 
| | | | | | barrows | | 
ny Tiger |Both |chierly | (7) (7) |cnietly [smi |Consider- |Hand shoveling so in flat |  :2) 
| back | | | stopers, | | able | and wheeibarrows! backed | 
| . some hand | | | gravity in rill | stopes, 100 
| | | | drilling | | is stopes in rall | 
| | | | | | stopes | 
ima | tnolined Breast | | 6+ |stopers About 10. Little Gravity; some | (?) | (7) 
| | | (approx. ) | hand shoveling | | 


Thickness of out norgal to slope in rill stopes. 
Drilling and breaking practice in stopes varies greatly because of the irregularity of the veins. 
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(Segtion D). 


i] 


ae : 


Source of fill- Method of Fiiied how | 


Nage of mine. g [Regular flooring Stope 


' 
| 
a 
! 
t 


ing material. | spreading fill | close to | crews 


pooner 


oo 
- | 
| | (temporary) 
| 


tails not known | crushing, picking | 


b 
|_-in_etore__|back. feet | 


d-{jil_stoping method - Continued 


paysen* 


|Bonus based 0 
l tors per a5 
shift trace 
from Stope. 
Bonus bases 6 
ground beers. 
with varicu: 
allowances.’ 
Sficiercy %? 


us or coatr 


men, pluggers|cubic-—foot 5: 


fill Aeaaects| sis for pirze 


(?)} 


S eeeree: < eeens nee | mene Pemen {SO Cennn, pareeT an «eRe 
Camzbell |Serap timber, 2 by 10 or 12 |Development work |Gravity | 2to 3 (7) 
| soaggtines | inch, 10 feet | be es . | 
| laid on sills| long, laid on 2 | | | | 
| | by 10 inch sills| | | 
Copper Queen {Seldom noces- |2-inch, &—-Lfoot. | Development work | dq. | 4 |Generally two 
sary | planks . | and old stopes | | | winers each | 
| | | | | shart do ali | 
| | ea | | | work | | 
United Verde Double <-inch |2ninen plank, 5 POROUS ret stripping |Chutes and tram| 6 to 7 |Miners, muck= hers 
plank on 4 by | feet 4 inches | and mine develop- | ning | | ers, timber- | 
| 12 4nch sills| long. No sills? | ment oy r & | | 
> feet 4 ine | | \Cars plus | 3 | 
ches center | : | gravity | | all different | 
. | | een, | 
Frood Ts used fs used, but de= j#aste frow surface jCare 7 | (?) 
| 
| 


La Colorada ic by 10 inch 


| 

i 

| and oobbing plants| | 
3 by 10 or 3 by |One=fourth fron de-|Gravity and 3 to 6 in {two suckers, 
| 


| 
| 
| 
| 
| 
| 
| 
| to center 
| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
foet long, | 
| 
| 
| 
| 
| 
| 
| 


plank, 10 iz inch plank | velopment; rest | scrapers in rills; 3 | two siners 
| from surface glory| rills; serapers| in HCF each shift 
nailed to 4 | holes | and hand in HCF| | 
by 10 inch | | | 
sills | | | | 
Pilares (?) In HGF Sninch  |Chiefly from sur- ‘Cement buggies, |4 in HCF; | (?) 
plank, for high-| face glory holes; ! cars, or euea close as | 
| grade ore. In | some from old | ers; gravity in| possible 
| rills 33-inch | stopes and devel-— | rills | in rills | 
| l plank or round a opment work. | | ) 
| | poles for high- | | | | 
| | grade ore only = |- . aS f 
Magea ;Double 2-inch | (?) (Surface glory hole fe ravity 4(2) | Two miners do 
plank | : and development. ae as A all work 
| | | work , | | 
United Eastern|Louble floor |S Single plank Development, Stope jScrapers and 3 to 4 (?) 
| of 2 by 12 | floor? raises and surface | wheelbarrows | | 
| inch by 6~ | | mill holes | | | 
| foot plank bo | | | 


ee ee. 
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i - Since changed to contract system based on cubic feet broken. 
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Large partic 


e 
ach 


| tracted 
labor and e 
| plosives <1. 
| cubic-mete> 
; basis. — 

iContract br: 
ing. muck: 


| and timbe:: 
on cubic=®: 


l basis. 


——_ 
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‘Contracted 


L 
|.¢ cubic-—foot 
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Table 3. Comparative dation ms Sa ae 
ee _ “(Section D | Continued) 


tp ee Pe EEF reese 
Ve 


. ae, oe 


floor Pillars| plank 10 or 12 


| 

| 

| velcpment work 
aré ore | feet long, laid | 

| 

| 


squara yard 
basis. 
on 2 by 10 inch 


sills 


a 


i Se CR 31-7511 Sets) (RIPE EN Gm) \) | cee eee | 
“ize Of ming sana flooring [Regular flooring z Source of fili- | ' Method of |Fiiied how| Stope | Methods of 
| | (temporary) dng material a it spreading |" Slose to | crews | “payment 
Pee eer eee | se |nack, feet | fie et 
peereeenes (e ee ae See a Sea a Ge | on re suse e 
amDLOn jNone used (NK ione used 48 orting in stopes; |Gravity | 2or3 |One miner, one|Bonus system — 
| | | development work | | | or twe muck- : based on tons © 
ers do all brokon, tons 
7 | | | | | work in a“ sorted, width 
of stope, and 
| ; | | | | | explosives 
| | | | | usec 
+8@ district| (?) | (?) Development work; | By hand in HCF; | 3 to 5 | (7?) eee coL™ 
| | prospect drifts | gravity in | | | trasted on 
| | | into walls fron rills | | | cubic=foot 
: | | stopes; surface | | | basis. 
| glory holes | | | | 
cs | (?) lees inch plank \Development work; |Haad shoveling | a (?) | Chiefly day 
| | prospect drifts | | | | wages. 
| | ‘| off stopes, and 7 4 | 
| sorting 
« Utah | (?) lonly with coarse IChiefly froc de Hand shoveling | 9) ITnree or four 15 to 7 1/2 
| | fill, 3 by 19 valopmont werk | and scrapers | | men ina i conts per Cu- 
| inch plank, 8 do all work bio fout, in- 
| feet long. over | | | } , in stops; pay! cludes all 
| lapped 8 inches | | | | or may not do; operations in 
| | | | | tramming also; stope. 
= br imbre Hrdroed Slabs|None, probably IMalt from deslimed |sana is washed | 5 to 6 icontractors |Separate con- 
| 48d poles on | | mill tailing, hal?| ia; rock spread| | have charge | tract price 
| sill | | from development | by hand, wheel-| | of orews of | for all opera- 
| | | work barrow or | | day wage | tions in 
| | | scraper | | workers | stopes. 
; 22 Cap Double floor |3 by 12 inck by |Development Work; |Gravity ! 3 | (?) |Day ware, 
| of 3 by 12 | 5 foot plank | waste shrinkage | | | | 
| inoh planks | | stopes; old stopes| | | | . 
Liuride | (7) |Boards, canvas, |From sorting or |Hand shoveling | "Working | (7) [Labor and 6x- 
istrict | or steel sheets | shot from footwall| | distance"| | plosives con- 
| | | | (7 feet) | tracted at $8 
| | to $12 per 
fathom (26 
| | square feet). 
*\\-Five Is used if l2 by 10 inch Old stopes ind de- [Contracted on 
| 
| 
| 
ee 


| 
| 
| 
| 
| 
| 
| 


ia 
Sl 

Gravity ; 2-3 ; (?) 
| | 
: | 
| | 
| | 


eee eee 2 eS ee 


= 20 = 
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OEE AE ERE ICE 


Name of mine |Sill ort ae |Regular flooring 


| 
ee ees 


Ground Hog 


Questa 


Santa 
Gertrudis 


Lucky Tiger 


Zarusa 


672 


| flooring _|_____ pining 


| Double 2-inch | 


| 
| 
| 
| 


| 
| 


! 
| 
| 
| 
| 
| 
! 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| (temporary) 


! 


plank floor | 
laid on 10 by| 
10 inch sills| 


joingle 2=inca (Usually none 


plank or | uSed. Sometimes 


split lagging | plank flooring 


over drift | 


sets 


(?) 3~inch plank 


(?) Ore blasted onto 
cowhides in 
flat-backed 
stopes. Plank 


flooring used in 


(7) (7) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| rill stopes 
| 
| 
| 
| 
| 
| 
| 
| 


Google 


(Section D =~ Continued) 


Sourca of fille« Method of 


| in material spreading | close to 


| Dovelopuent Gravity 


\ 


| 
| 
| 
| 


| 

| 
es 

| 

| 

| 


| 


t 
|S orting or by ,Hand Shoveling ; 3s to 7 
1 ! : 
| shooting down | ; 
| walls to nocessary| 
1 
| stope width | | 
\Development and |Wheolbarrows 'Prob. 5 


| 
| 
| surface glory hole = | 
; oa 


\Walls blasted after|Hand shoveling 
| removing ore in | 
| narrow veins. | 
Raises driven in- 
to walls when 
veins are wider 
than about 3 feet, 


or dovelopment 


Development work 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Gravity and hand | Probably 
| 2-3 


P| 


a i ee OR Se A GS AE gee 


| 
| 
| 
| 
| 
waste used | 
| 
| 
| 
| 
| 
| 


| and waste raises 


| in walls 


- $0 — 


|Filled how | 


| 


fill-in stove |back. foet|. 


Stope 


crews 


tipperman, 


one helper doj 


all work to- | 


gether 


| Two 


| 


| 
| 
| 
| 
| 
| 
| 
| 
| 


ren 


; WOT 


to fceur 


K 


do all 


(7) 


Tablo 3.- Comparetive data on mining details at mines using the cut-and-fi1)] stoping mothod - Continued 


er, one Probably Gar 


wage? 


Lon bor aac po" 


1 @er oonirs: 


on basis tt 
tonnage of 
mill ore po: 
duced. 

(7) 


‘Some stopes 


3 
| 
| 
| 
: 


| 


| 
| 
| 
| 


j} contraszed: 


payments bs 
On cars tra 
med fron s: 
anand grad 


o 
2 - 


ore produc: 


j Drilling i: 


“company” 
Stopes doin 
contract. 
based on {f¢ 


aga drillei 


Contracted °- 
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Blasting 


Gelatin dynamite of 25 to 60 per cent strength is used in stope blasting in most of the 
sines considered here; 35 and 40 per cent are the commonest strengths. Ammonia or special 
dynamites are used in a few mines. | , 

Hard massive sulphides and occasionally other hard ores, particularly when mined in 
wide stopes, are likely to break in large fragments. Secondary drilling and blasting of this 
coarse material is an important item of expense. Extra care and more explosive can be used 
in the primary blasting with an over-all saving in cost if by so doing the formation of large 
bowlders can be materially reduced. In most cases proper spacing of the holes, the use of 
high-grade explosive and of tamping will keep the formation of bowlders to a minimun. 

In 1922 and 1923 tests were conducted by the Bureau of Mines to determine the effi- 
Clency of primary blasting methods, with results expressed as follows: }! 


Crushing rock by means of explosive is usually more economical than breaking 
it by hand. Therefore, where bowlders are being formed, more explosive should be 
used in the drill holes while the extra amcunt does useful work. In other words, 
if the walls and back of the stope will withstand the extra jar, an additional 
cartridge or two in a hole may often be used to advantage. 

The results given in this paper indicate that the use of stemming decidedly 
helps to prevent formation of bowlders, does not increase the cost of blasting 
perceptibly, and lessens appreciably the amouat of work needed to break up the 
bowlders. The tests show that one stick of stemming to a hole is not enough and 
that at least two should be used. 

The use of high-grade gelatin dynamites makes a substantial reduction both 
in the size and proportion of bowlders formed, and also increases the fines in 
hard-ore stopes. In addition to their greater shattering power, the higher—grade 
explosives have more propulsive energy per pound, and probably that also contri- 
butes to the improved results. Even with the present difference in price, the 
tests show that the higher grades of explosive are more economical to use. 


At United Verde the proper fragmentation of the heavy, massive sulphide ore is a diffi- 
cult problem. The trial of stopers and vertical holes has been referred to under the head 
of methods of breaking ground. Another expedient tried was the use of cordeau fuse and sand 
Spacing. The sticks of dynamite comprising the charge in each hole were separated by sand 
Stemming to distribute the force of the detonation over nearly the full length of the hole. 
Detonation was accomplished by using cordeau fuse. This method resulted in an improved 
fragmentation of the ore, but was not used after it was found that equally good results could 
be obtained by a different arrangement of the holes in the round. However, any use of ex 
plosives or any arrangement of holes that would give the desired fine product without any 
Secondary blasting was found to result at the same time in numerdus cut-off holes. Some 
secondary blasting is now regarded as a necessary evil. 

No. 6 and 8 caps.and fuse are in general use for firing stope rounds. 

The choice of a proper explosive is closely related to the problem of primary versus 
secondary breaking. Combinations of different kinds and amounts of explosives with different 
types of drill rounds should be studied to obtain the best results. Better breaking has been 
obtained in a few instances by using higher-strength explosives for blasting heavy, blocky 


17 ~ Gardner, E. D., and Howell, S. P., Blasting to Lessen Bowlders in Hard-Ore Stopes: Tech. Paper 383, Bureau of 
Mines, 1926, pp. 22-23. 
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ores. Doubtless in some cases explosives are in use which are stronger than necessary. 

Under some conditions the prevention of bowlders is particularly difficult. In La 
Colorada mine of the Cananea Consolidated Copper Co. the ore in the horizontal cut-and-fill 
stopes broke down in large tlecks. It was believed that the jar of the first shot often 
brought down too-large masses of the ore, thus cutting off or reducing the effectiveness of 
succeeding holes. To remecy this, small but solid bulkheads of 10 by 10 inch timbers laid 
flush on top of each other were built up and wedged tightly against the back just in advance 
of the face to be broken. The bulkheads were thought to prevent the collapse of the back in 
the form of large slabs at the first shot, thus giving succeeding shots an opportunity to 
break the slabs. This practice was abandoned upon the introduction of "space blasting," 
wrich has resulted in better fragmentation of the ore. Space blasting as used at this mine 
consists of spacing the explosive throughout the length of the drill hole, instead of con- 
contrating it in the bottom, as is usually cone. The sticks of dynamite are separated by 
wooden spacers 1 by 1 inch square by 10 inches long. 

Stemming is not used for stope blasting in the majority of nines Sisciesea in this 
paper. At United Verde, stemming is used in hard ground. It is used commonly at Canarea 
and Pilares and in all cases in the Copper Queen mines. At the other mines it is probably 


not used at all. It has .the advantage of lessening the number. of bowlders produced in hard 
18 


ground. Gardner states: "The use of stemming decidedly helps to prevent formation of 
towlders, does not increase the cost of blasting perceptibly..... The tests show that one 
stick of sterming to a hole is not enough and that at least two should be used." To the 


miner stemming at first seems a nuisance, though it requires little time and effort. Conse- 
quently, a decided effort on the part of the management is usually necessary to bring it into 
use. If the use of stemming is not required to reduce bowlders, it will almost always result 
at least in some saving in powder, and less poisonous gas is produced when it is used. !® 
Against these factors must be noted the possible difficulty of firing missed holes when 
stemming has been used, 


second 


The efficiency of secondary blasting is a subject which has received little attention 
at most mines, with the result that unsuitable drills and far too much powder are frequently 
used. 

secondary breaking is done by drilling and blasting, by hammering or by means of a con- 
crete breaker. Its importance varies greatly. In some mines it is estimated that as much 
as one-quarter or one-third of all the ore Las to be broken by some suoh means following the 
primary blasting. It is a very expensive process, involving labor and continual delays to 
other -operations entirely out of proportion to the useful work accomplished. Secondary 
blasting can. sometimes be reduced in amount by changes in primary blasting methods, as men- 
tioned previously. Its cost can be lowered slightly by using low-grade explosive, as is 
done at United Verde, where 355 per cent strength dynamite is used for this work instead of 
the 50 per cent used for primary blasting. In some ocircumstences paving breakers can bs 
applied, especially at the grizzlies when scrapers are used to move the ore to that point. 
These machines, however, are heavy and cumbersome, and might be of little value if the ore 
were of the type described as "tough." Plugging consists of drilling a 6 to 12 inch hole 
in a bowlder and blasting with a half stick or more of dynamite. Bulldozing, or breaking ty 


18 — See footnote 17. 
19 — Gardner, E. D., Howell, S. P., and Jones, G. W., Gases from Blasting in Tunnels and Metal=Mine Drifts: Bull. 
287, Bureau of Mines, 1927, p. 95. 
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Figure 9.—Timbering to support weak back in cut-and-fill stope at Frood mine 


T.0.6688, 


zeans of dynamite laid on top of a bowlder, is generally condemned. It saves drilling labor, 
but is uncertain in action, wasteful of explosives, and frequently dangerous because of the 
concussion which not only prevents the firing of more than one shot at a time but stirs up 
a great deal of dust and may damage timber. As secondary blasting can be done only when men 
are out of the stope, the accumulation of bowlders may delay shoveling or scraping. 

A subject closely related to secondary blasting is that of the size of grizzly openings. 
A full discussion of this would involve many matters foreign to this paper, such as chute 
construction, haulage, hoisting, and primary crushing. It may be pointed out, however, that 
in many mines where other methods are used, such as the undercut block caving method, or 
surface or underground glory holing, a study of the cost of secondary breaking has led to 
the adoption throughout the mine of larger, heavier, and more rugged equipment, in conjunc— 
tion with grizzly openings as large as 18 inches. An immediate result of increasing the size 
of grizzly openings would be an increased cost of maintenance of timbered ore passes and 
chutes, due to the greater cutting power of large masses of rock. This would be of particu- 
lar importance in mining a massive sulphide ore. The increased cost would perhaps at some 
point overbalance the saving in plugging or hammering bowlders. The efficiency of the cut— 
and~fill method is often restricted by inadequate auxiliary equipment designed in earlier 
days to handle the product of square-set stopes, or possibly even entirely different types 
of ores, such as the near-surface oxidized ores. 


Temporary Support of Back 


There are two general methods of temporarily supporting weak portions of the back of a 
cut-and=fill stope. One is the use of simple stulls, with or without headblocks or "un- 
brellas." The other is the building of cribbed bulkheads. Sometimes the use of timber for 
back support may become so excessive that the cost of mining is increased greatly, both 
directly through timber and timbering labor costs, and indirectly through the decreased 
efficiency of other work in the stope. Sometimes the stulls and cribbing used for temporary 
support can be recovered, to be used again for the same purpose. At Pilares a strong jack 
with chains is used to pull stulls out of the fill when their usefulness is over. At the 
Frood mine of the International Nickel Co. of Canada, Sudbury, the backs of many stopes re- 
quire close support. Cribs of 8 by 10 inch timber 7 feet long are spaced at 164-foot inter- 
vals along the center line of the stopes, which are 45 feet wide (fig. 9),7° These bulk- 
heads are placed on the sill floor as soon as the first 7-foot cut is taken out, and are ex- 
tended tq the back after each succeeding 7~foot cut. They are taken out before filling, so 
that the consumption of timber in this process is not as high as would appear at first glance. 
The ground between cribs is supported by lagging placed on long stringers reaching from crib 
to crib. Over each chute, in addition, cribs are built up to the back, and long stringers 
extended from these points to the side lines of the stope. 

Timber consumption in a cut-and—fill stope may equal the amount that would be required 
by square-—setting. This was the case in a few stopes at the Pecos mine, yet.it was believed 
that the saving in labor cost resulting from the employment of less skilled workmen than 
aould have been needed for square-setting justified the retention of the cut-and—fill method. 
The authors are of the opinion, however, that such an excessive use of timber in a cut—and- 
fill stope should lead to a change of method. When compared with an "open" stope obstructed 
by a forest of stulls and cribs, square-setting offers enough advantages, such as safety, 
convenience and systematic production, to more than compensate for the cost of more skilled 


20 ~ Metz, H. J., Mining the Frood Orebody at Depth: Eng. Min. Jour., vol. 130, Nov. 10, 1930, pp. 445-452. 
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labor. (See also Gardner, E. D., and Vanderburg, W. 0O., The Square-Set System of Mining: 
U. S. Bureau of Mines Information Circular, in press). 


Sorting 


The horizontal cut-and-fill method is well adapted to mining an ore which requires 
sorting. Some is done in the stopes at most of the mines noted in this paper. The amount 
of waste sorted ranges from as little as 2 per cent of all material broken at the United 
Verde Mine to almost 50 per cent at the mines on the Copper Range. 

sorting in stopes increases the stoping costs per ton of ore by slowing down production; 
it is not conducive to high rates of production per man=shift. When scrapers are used to 
move the ore to the chutes, as at Cananea or Park Utah, sorting in the stopes is not feasible 
except for an occasional bowlder of waste. There are several other conditions which may be 
acverse to underground sorting in cut-—and-fill stopes: High labor cost; low transportation 
and concentrating costs; an abundance of cheap filling material otherwise available; or sinp- 
ly the character of the ore, as when the distinction between ore and waste is based on an 
arbitrary assay value and can not be made by inspection. 

On the other hand, sorting has many advantages over the practice of sending out of the 
stope all material broken. By producing a.richer ore, transportation and milling costs per 
unit of metal are reduced, and the required plant capacity for a given metal production is 
likewise decreased. The maintenance cost of ore passes and chutes is lessened also. Filling 
is proviced in the stopes and in some cases more cheaply than can be done in any other way. 
If sorting is physically possible, estimates should be mace of the importance of the above 
advantages and disadventages from a cost standpoint, and operating tests mace if the estimates 
show possikle gains by a change in practice. 

At the Ground Hog mine, where most of the ore is haulec scme distance by truck ani 
treated in a custom mill, not only is a considerable amount of waste removed by sorting, both 
in the stopes and at the ore bins, but a high-grade, direct-smelting lead ore is produced 
by sorting out occasional pieces of pure galena and storing them until enough accumulates 
to make a shipment. It is estimated that about 3 per cent of the rock broken is sorted in 
the stopes as waste and about 5 per cent more at the ore bins. 

At Pilares waste is sorted in stopes where mining conditions permit; it is estimates 
that 2,000 to 3,000 tons of waste per month is thus sorted and left in the mine. This would 
be 3 to 4 per cent of the total mine production; as sorting is done only in certain stcpes, 
the proportion removed in these stopes must be considerably higher. - 

At the mines of the Copper Range Co., Michigan, much attention has been paid to the 
subject of sorting waste, and the articles referred to in Table 1 contain very interesting 
discussions of the economics of sorting. The lode in this district is wide (16 to 20 feet) 
compared with those in the other copper districts farther north. It dips about 70° and has 
a very weak hanging wall. Schacht”! gives figures for three years in the Champion mine 
(probably about 1919 to 1922), according to which, for every 100 tons of material broken in 
a stope, including ore and waste broken from the lode proper, waste caved from the hanging 
wall, and waste from footwall exploration, 72 tons was picked over by hand, producing 46 tons 
of ore (copper rock) and 26 tons of waste. This left 28 tons of waste which, if possible, 
was allowed to remain whore it fell without handling and served as filling. In addition, 
from 5 to 10 tons of sand filling or development waste was brought in from outside the stope, 
as about 60 tons of fill was required for each 100 tons of material broken frem the solic. 
Inspectors watched the grade of ore trammed from the stopes as well as the waste fill left 
in the stopes. 
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The new "sublevel" cut-and=-fill stoping method in the Champion mine still permits the 
ore to be sorted, even though all work is rill stoping, instead of being chiefly horizontal 
work, as formerly. (See figs. 1,K and 1,L.) In fact, the tonnage hoisted represents only 
about 60 per cent of that broken. The stopes are now worked in sections of relatively low 
lift, three rill stopes. to each 100-foot level interval. As the ore is blasted it falls onto 
the waste fill, the surface of which lies at the angle of repose, about 38° from the hori- 
zontal. There the newly broken material is carefully picked over by hand. Rock showing no 
sign of native copper is thrown to one side or the other of the rill. Copper rock is thrown 
down to the toe of the rill for transportation to the chute. This is less difficult than 
aight appear, as the distance the rock would have to be thrown can never exceed 40 feet, and 
will usually be more nearly half that amount. All fine material is shipped as copper rock, 
unless the boss orders that it be left in the stope. Inspectors check the cars trammed to 
prevent shipping poor rock, and the bosses and mine captain watch the discard for copper 
rock left in the stopes. Mendelsohn states that one very important feature of this stoping 
Bethod is that, because of the ease of disposing of waste rock, the miners can be encouraged 
to break the stope wide enough to be sure no copper is missed in the hanging or footwall. 
Moreover, the transportation of millions of tons of barren or unprofitable rock has been a- 
voided by this practice, and the total saving in cost in 1930 amounted to $0.95 per ton of 
sorted material left in the mine. This saving in cost was distributed as follows, per ton 
of waste left underground: 


Haulage and hoisting (exclusive of fixed maintenance 


CHET POS ic cient ee eee $0.25 
Preliminary crushing in rock house.......0.....0000 i, : 06 
Transportation to stamp mill... ere 24 
SEED 2 AG oo tetin ta hae rasta nie ena hdenatone esa Ania eR .40 

$0.95 


Successful sorting depends to a large extent on the method of payment of the miners, 
as will be pointed out under "Methods of payment." At the United Verde Mine, the miners are 
paid a certain amount per ton for all waste sorted and piled in measurable heaps in the stopes 
The endeavor is to reject any material containing less than 1 per cent of copper. It is 
stated that this is readily done in the stopes producing schist or porphyry ore, but that it 
is very difficult in stopes in massive sulphide ore. In the latter, sorting is therefore 
confined to taking out the material resulting from the presence of narrow, barren andesite 
dikes which cut the ore. In the four months of January, April, July, and October, 1929, in 
which a total of 108,479 tons was mined in cut-and-fill stopes, 1,944 tons of waste was 
sorted out, or 1.79.per cent. 


Moving Ore in Stopes 


In horizontal cut~and-fill stopes the broken ore may be shoveled directly into the 
chutes by hand, loaded into wheelbarrows, "buggies," or cars which are then dumped into 
chutes, or dragged into the chutes by scrapers. Hand shoveling is the method in common use. 

A nearly universal practice in horizontal stopes and a common one in rill stopes is to 
lay a floor of plank on top of the fill before blasting, for which reason the shoveling is 
less difficult than it would be in an open stope where the shoveling is done on a rock bot- 
tom. However, hand shoveling remains one of the most costly single operations in the entire 
process Of mining, and at some mines it is being supplanted by mechanical methods. At United 
Verde, where shoveling is admittedly difficult on account of the weight and the coarse- 
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breaking nature of the ore, it is estimated that the muckers in the stopes handle from 15 to 
25 tons per shift, averaging 20. If a mucker earns $4 to $5 per day, this means a cost. of 
20 to.25 cents per ton. If chutes are more than 25 feet apart it may or may not be advanta- 
geous to use wheelbarrows or cars, depending on the weight of the ore, the distances to be 
shoveled or trammed, and the cost of labor as compared with the cost of installing cars and 
track or wheelbtrrows. Wheelbarrows are used occasionally at Cananea, if it is inconvenient 
to instal! scrapers. At Matahambre wheelbarrows are used when a stope widens or lengthens 

so that shoveling direct into chutes is no longer economical. In neither cf these mines, 
however, is the use of wheelbarrows a part of the stoping scheme as laid out. At the Ground 
Hog mine, when horizontal cut-and-fill stopes were used, a considerable part of the ore ¥as 
moved to the chutes by wheelbarrows. This has been eliminated by a change to the rill method 
of stoping. At Santa Gertrudis, wheelbarrows are used for both ore and waste fill. The flcor 
cf the stopes is kept on a @ per cent down grade toward the chutes to facilitate wheeling 
tke loaded wheelbarrows in that direction. In the earlier type of horizontal cut-—and-fill 
stopes of the Copper Range mines, most of the cre was shoveled directly into the chutes, or 
mjll holes, but when the distance became too great for this, wheelbarrows or cars were used. 
The car used, which was designed for this particular service, was of l=—ton capacity, with a 
shallow body open at one end. It was mounted on a turntable so that it could be dumped in 
‘any direction. The low height and open end facilitated shoveling into it, and it could be 
dismantled into parts small enough to be taken through the mill holes into the stopes without 
undue trouble. 

In the new stoping method now in use at the Champion mine, the ore broken in driving the 
sublevel drifts (see fig. 1,L), which are in reality the sills of the stopes, is pulled to 
the raise by scrapers. That broken in the course of stoping operations, as noted under "Sort- 
ing," is thrown or shoveled by hand to the foot of the rill. When this method of stoping 
was first acopted the ore was loaded by hand shoveling into small cars and then trammed to 
the raise and dumped. The cers used were presumably the type described above, and the tran- 
ming distance should average less than 100 feet. Later on experiments with the scraper for 
handling stope ore proved successful and showed savings as compared to the use of cars, even 
when hand sorting was necessary. 

At the United Verde shaking trays were tried for transporting the broken ore from the 
stope faces to the chutes. These are said to have been satisfactory in operation, and to 
Lave indicated that fewer chutes would kave been needed than are now used in a given area. 
However, certain disadvantages prohibited their adoption. It was practically impossible to 
protect the trays and their mechanism from the flying bowlders of hard, massive sulphide ore, 
and.they were too heavy to be moved from the stope before each blast. Moreover, the saving 
in numbers of chutes prokably would have been offset by the necessity of building heavier 
ones to withstand the severe service resulting from the concentrated tonnage and the high 
L50=foot lift. 

Although in several instances scrapers are.used:for spreading fill in horizontal stopes, 
at only two mines, Cananea and Park Utah, are they used for moving the broken ore in the 
stopes. The reason given at United Verde, where they have been tried for this purpose, is 
that the heavy scrapers required to handle the coarse ore tear up the mucking floor. Ad- 
ditional objections at this mine are that the broken ore contains many bowlders too large 
to be handled without breaking, that scrapers require a large area to operato efficiently, 
that it is difficult to keep the stopes clean when using scrapers, and that the output of a 
scraper is less than that of the regular mucking crew of six men. The objection to the use 
of scrapers at many mines is the impracticability of sorting waste. Figures 10, 11, and 12 
show -the scrapers used at La Colorada mine, Cananea, and at Park Utah, and the haul—back 
sheave designed at the latter place to eliminate the many difficulties experienced with the 
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Figure 1!.— Scraper used at Park Utah mine 
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Figure 14.- Square—set ore chutes and manway used in rill cut-and-fill stopes at Magma mine 
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ordinary types of snatch block. Heavy scraper equipment is advisable for coarse or heavy 
ore. The scraper shown in Figure 10 weighs about 325 pounds. The usual type of hoist for 
this service is the double—drum compressed—air hoist of 10 or 15 hp. Larger hoists are some- 
times used, and the electric hoists recently developed are proving very satisfactory for 
Slusher service. One of the objections to scraper work has been the necessity of continually 
changing the position of the sheave in order to cover more than a single narrow path. Three~ 
drum hoists are now on the market which obviate this difficulty to a large extent. Two tail 
ropes are used with this hoist, running through sheaves placed at opposite sides of the muck 
pile. The scraper can thus be returned to any desired. point within the aneevere defined by 
the hoist and. the two sheaves. 

In a rill stope the ore moves down to the chute By gravity, with more or less shoveling, 
jepending on the steepness of the rill. At Cananea the stopes are so wide that if the slope 
of the back had been carried on a steep. enough angle to make the ore run’ freely down the 
rill, it would have formed a dangerous. hanging brow or "belly" directly over the chutes. 
Therefore, scrapers were used to move the ore down to the grizzlies. 

In either form of stope little or none of the ore will run freely into the chutes, be- 
cause of the necessity of having grizzlies over the chutes to prevent large bowlders from 
plugging them. Therefore, some labor is involved in picking or shoveling the ore from the 
toe of the slope into the chute; and breaking any bowlders which are too large to pass the 


grizzly. 
Qre Chutes and Manways 

Ore chutes are usually constructed of cribbing (see fig. 13). The cribbing is generally 
lined with plank, which can be replaced when worn through. However, at Cananea it was found 
that by making the lower portion of stope chutes, which received the most wear, of 10 by 10 
inch cribbing instead of the standard, 4 by 10, lining could be omitted, and still the chute 
would last out the life of the stope. In this way the delay and expense of repair work on 
chute lining were eliminated and the timber consumption was little if any more than formerly. 
Under most conditions cribbed chutes are more convenient for cut-and-—fill stopes than square-— 
3et chutes. They can be built to any desired height by adding the required number of rounds 
of cribbing. They do not have to resist great pressure from the fill, or any appreciable 
novement, such as would take place in a shrinkage stope. Sometimes, for additional rigidity 
and protection against blasting before being covered by fill, cribbed chutes are slabbed on 
the outside with lagging, sorap flooring, or other waste timber. 

Several mines use square—set timbering for extraction chutes. At the Frood mine the 
square-set chutes are built up one set above the shoveling floor and cribbing placed on top 
of them to support the back. One or more sides of the set are left open to receive the ore. 
The manways in these same stopes are cribbed. ‘The chutes in the Magma mine, where the rill 
zethod is used, are likewise of square-set construction. (fig. 14).:° The square—set chutes 
Support the roof and at the same time protect the shovelers from bowlders rolling down the 
incline. . | 

In narrow veins stulled raises are often used, with either round or square stulls cut 
10 reach from wall to wall at about 5—foot vertical intervals, and lined with plank to form 
chutes and manways. ; 

At United Verde, where the ore is extremely hard and abrasive and the extraction chutes 
iave to be offset or branched frequently to accommodate the changing floor plan of the stope 
as successive cuts are taken, elaborate and substantial methods of timbering have been de- 
veloped and standardized for extraction chutes and manways. One such chute is illustrated 
in Figure 15. 
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Chute construction and repair are often important items in the cost of cut—and-fill 
mining. At United Verde it is estimatec’?? that one timberman and a helper are required to 
construct the chute raises, manways, and waste chutes in a stope producing about 150 tons 
per day. Frequently an equal amount of labor is needed each mcnth to keep the chutes and 
manways in repair. The 1929 labor cost fer timbering in horizontal cut-and-fill stopes is 
given as 20 cents per ton, which is almost equal to the labor cost of breaking the ore. Any 
improvements in chute building which will reduce construction or repair costs are obviously 
vorth while. Timber consumpticn for the same period is given as 7 board feet per ton, or a 
sost of perhaps 35 cents. Conditions ere unusually severe at this mine. At some properties, 
as, for example, United Eastern, the opposite may be true. At that mine chutes were con- 
structed of 3 by 12 inch cribbing laid edge to edge and only about 3 feet square inside. 

When it is necessary to offset or branch the ore chutes, the junction or offset point 
becomes a point of exaggerated wear. The floor can be protected by constructing the chute 
so that rock builds up at this point enough to cover the timber. The lip cver which the ore 
Slides into the main chute can be protected by a rail or heavy angle iror. If the distance 
from the top is more than a few feet, and the ore falls freely, it will rebound against the 
opposite side of the main branch with such force that it soon cuts out the cribbing or lining 
cn that sice. One remedy is to line that side of the chute with rails. At Cananea the 
prectice is to hang a curtain of short rails in the center of the raise, which checks the 
speed of the cre and prevents damage to the chute. 


Spacing of Chutes 


The spacing of extraction chutes varies greatly, 25 feet being representative of typical 
horizontal cut-and=-fill practise and 150 feet of rill stopes laid out along the vein. When 
a rill stope is laid out across the vein, the intervals between chutes are equal to the 
width of the stope, as 30 feet at Magma. In horizontal stopes, spacings of 164 feet (three 
sets in the heulage drift) in United Verde massive sulphide stopes and in the Frocd mine, 
and 165 feet at Santa Gertrudis, are neted as the minimum and maximum distances. It is 
stated that the close spacing of chutes at United Verde is due not oniy to the weight of the 
ore, which makes shoveling costly, but to its abrasive nature which, if the spacing is too 
great, causes chutes to wear out before the stope is completed. In this same mine in the 
stopes working on siliceous ore the chute spacing is 22 feet. The greater distance not only 
gives more room to store the waste which is sorted out from this type of ore, but encourages 
sorting, as the bulk of the ore has to be handled rather than rolled and barred down into 
the chutes. 

At the Santa Gertrudis mines the ore -isStshoveled into cmall cars and trammed to the 
chutes, and the long tram may be cheaper than building and maintaining chutes at closer in- 
tervals. At Park Utah, where scraping is used, chute intervals range from 50 to 150 feet. 

In rill stopes it is customary to have only a single extraction chute at the foot of 
each rill; in stopes along the vein each chute generally serves two rills. At Cananea, 
where scrapers are used in the rill stopes, as mentioned above, the chutes contain three 
compartments and are usually cribbed: the scraper hoist is set up over the central compart-— 
ment. By turning the hoist through a half circle it is made to serve both slepes of the rill 
from the one set—up. 

At many mines, during silling-out operations for rill stopes, the common practice is 
to use one or more temporary chutes between the ends and center of the stope to reduce the 
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nandling of the ore until the rill is fully established. At Pilares one of these chutes is 
sometimes carried up with the stope and is found to be of great value if the stope has to be 
changed to the horizontal or square-set method because (of ground conditions or because of 
reaching the level above. 

At the Campbell mine auxiliary, chutes: are | sometines ee up in the fill, midway be— 
tween the top and bottom of the slope. These are found to reduce greatly the shoveling labor 
if the stope for some reason becomes so flat that the ore will not all run by gravity. to the 


bottom chute. These auxiliary chutes start near. the footwall, but Swing out toward the cen— 
ter of the stope higher up. | 

At Cananea an attempt was made to subdivide the long rills into two Aeotions: Fill 
raises were driven to the level above halfway between the upper and lower ends of the rill, 
and extraction chutes were carried up through the fill at the same point. The intention was 
to secure continuous production by mining the upper half while the lower half was being fill- 
ed, and vice versa. This would also have partly evened out the very irregular demands for 
vaste fill upon the completion of the large cuts. The idea was abandoned because of the 
difficulty of coordinating the two sections of the stope and because of the complications 
arising from having to bulkhead one part of the stope off from the other. 

Grizzlies 

Grizzlies over the tops of ore chutes in stopes serve the double purpose of preventing 
large bowlders from entering the chutes and of preventing men from falling into the chutes. 
Undoubtedly, the smaller the openings, the greater will be the efficiency of handling in 
loading chutes, trains, pockets, skips, and ore bins. The safety factor is likewise in- 
creased as the openings are made smaller. The spacings noted in the mines discussed in this 
paper range from 9 to 12 inches. The question of the size of grizzly openings has been men- 
tioned under secondary blasting, from the viewpoint of production efficiency. 

Grizzlies are commonly constructed of rail or of square, framed timbers .(figs. 135 and 
14). When rails are used, they are generally turned upside down and held by spacing blocks” 
at the ends, as shown in Figure 13. Bowlders tend to become wedged between the rails when 
they are placed in their normal position, base down. At Cananea, however, grizzly rails are 
placed right side up, both in the stopes and over shaft pockets. It is claimed at this mine 
that no more plugging of the grizzlies by bowlders occurs than if the rails were placed in 
the usual inverted manner. Placing the rails in their normal position makes it much easier 
to hold them in place. At Cananea, for use in stopes, rails are cut to proper length, the 
ends heated, the ball and webb cut off for several inches at both ends, and the base turned 
down to fit over the outside of the chute cribbing (fig. 16). Placing the rail right side 
up provides a less satisfactory footing, if it becomes necessary for a workman to step across 
it or place one foot on it while hammering bowlders. 

The grizzly shown in Figure 14 has several satisfactory features. The cross bars are 
Simply standard square-set caps. They are used during one cycle of stoping, and when the 
chute and grizzly are raised for the next cut are taken out and used as stulls, for orib-— 
ding, or in regular square-set construction. The wide, flat surfaces offer relatively good 
footing for men working on grizzlies. , oe 

Grizzlies are not used over the chutes in all mines. The Champion mine andthe 
Ground Hog mine are examples of this. In these mines the ore is all worked over carefully 
to sort out waste before putting it in the chute, in which process bowlders over a foot in 
jiameter are either broken or rejected as waste. The tops of the chutes are partly planked 
°r cribbed over to prevent men from falling in. 
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Flooring 


Permanent or sill flooring and temporary flooring are used in cut-and-fill stopes. The 
former is laid when the stope sill has been cleaned of ore and before the first waste fill 
has been placed in the stops. Its purpose is to make easier the mining of the ore under it, 
in the extraction of which spiling would ordinarily have to be used if the fill were not 
supported in this manner. Permanent flooring is, of course, unnecessary if it is known that 
the grourd underneath will not have to be removed. At scme mires it is not placed unless 
the ore under it is of relatively high grade. This is the case at Pilares, where, Leland’? 
states, the material used for fill cements so tightly that there is little tendency for the 
fill to run by the time a stope is mined underneath it. The sill flooring, when used, is 
generally a single layer of 2 or 3 inch plank, or a double layer of 2-inch plank. The plank 
floor is most often laid on cross sills of the same size or heavier timber, as 4 by 12 inch 
(see fig. i17,A). The use of sill flooring will add 1 or 2 cents, cr conceivably 5 cents per 
ton to the cost of stoping. In some cases this is not justified. On the other hand, a run 
of waste into a square-set stope when removing pillars might conceivably be just as expen- 
sive, and hazardous in addition. Flooring should therefore be used until the behavior of 
the fill material can be studied, and the omission of flooring should be tried where unfavor- 
able results will not be too costly. 

The temporary or shoveling floor is laid on tep of the waste fill before mining each 
cut of ore, and it is taken up before running in the next layer of fill. It serves the dovu- 
ple purpose of aiding shoveling and preventing the cre from mixing with the waste fill in 
the stope. The latter function may be very important when the ore is of high grade or where 
the valuable mineral tends strongly to be concentrated in the fines. At Telluride, in narrow 
veins, boards, canvas, or steel sheets were sometimes laid down before blasting ore, to pre- 
vent loss of fines. This temporary flooring was then taken up when the footwall was blasted 
down for fill. Incidentally, because such precautions were not always taker, the loss of 
fines was so great as to cause the abandonment of the cut-and—-fill method. It is esti- 

mated?‘ that as much as 12 to 25 per cent of the valuable ore was lost wren no floors were 
used. In fact many of the old fills were later drawn out as ore, at a fair prefit. Cowhides 
were used at El Tigre to prevent loss of fines in the "gob". In some stopes in the Bunker 
Hill & Sullivan mine, in veins of the Jersey type, the shoveling floor was sometimes covered 
with a few inches of fine waste, to prevent the fines going through the cracks in the floor-— 
ing. This waste was shoveled into the chutes along with the ore. The dilution was less 
serious than the loss otherwise experienced. ?° 

Ordinarily such precautions are not necessary, however, and the shoveling floor con- 
sists simply of 2 or 3 inch plank laid carefully on the leveled waste. Sills may or may not 
be used, depending on the necessity for a strong, tight floor. At the Park Utah mine, the 
floor is made of 3 by 10 inch plank, 8 feet long. If the fill underneath the floor is fine 
material, which makes a smooth bed, the planks are simply overlappéd 8 inches at the ends and 
nailed together. If the fill is coarse, cross-sills are used under the ends of the planks 
to give an even foundation. Breakage of flooring is much reduced by preparing an even sur-— 
face for it to lie on. At the Campbell mine the floor consists of 2 by 10 or 2 by 12 inch 
plank, 10 feet long, nailed to sills of the same material. Before taking the floor up, pre- 


aw ES SR OR ge ar a> EE AS SEITE ED erent Cee SEe-ee Gen Gee eee @ ee es oe oe 


— eee ® Sct eee Gua an 


23 — Leland, Everard, Mining Mothods and Costs at the Pilares Mines, Pilares de Nacozari, Sonora. Mex.: Inf. 
6307, Bureau uf Mines, Aug., 1930, 34 pp. 


Cir. 
24 - Belt, C. N., Mining Methods of the Telluride District: Trans. Am. Inst. Min. Eng., Vol. 72, 1925. p. 554 


25 - Brown, U. E., Mining Methods of the Bunker Hill & Sullivan Mining and Concentrating Co., Kellogg. Idaho: Inr. 
Circ. 6407, Bureau of Mines, Jan., 1931, p. 3. 
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Figure 17.—A, Sill flooring in cut-and-fill stope at United Verde; 
B, gob fence used at United Verde . 
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Figure 18.—Gob fence with posts framed in half 
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paratory to running in fill, it is carefully swept with heavy brooms. This sweeping is said 
to yield a considerable quantity of fine ore which has a high copper content. 

Flooring adds considerably to the cost of mining. The labor of laying the timber is 
probably much greater than the cost of the timber used. The latter item, however, might 
range from + to 3 cents per ton, under varying conditions. Assuming that the cost of floor- 
ing including labor, might be as much as 8 cents per ton and that copper in the form of bro- 
ken ore in the stope is: worth 2 cents per pound, then the flooring in a stope would have to 
save from loss in the fill at least 4 pounds per ton of ore, or 5 per cent of the copper in 
a4 per cent copper ore, in order to justify its cost on this count. The value of the floor- 
ing to the shovelers is, of course, considerable. However, if the grade of ore were to de- 
crease, or the cost of flooring increase, a point might be reached where the ore and the 
shoveling labor saved would not pay the cost of flooring. At Pilares, temporary flooring is 
used only in high-grade stopes and even in rill stopes flooring is not always used, because 
when the fill is thoroughly wet and packed down on the slope little loss of ore occurs. 
After the pompze ton of a slice the surface of Ene fill is carefully scraped down to recover 
fines. 

In the rill stopes of the Champion mine no flooring is ‘used, ai iner- on the sill or when 
stoping. Under the present system it is unnecessary to ‘Support the fill above an old level 
when stoping up under it, so that no sill flooring is needed. All ore is picked over by hand 
on the slope of the rill and large quantities of waste are put aside at that point. Hence 
no temporary flooring is ‘destrable or even permissible. 

In rill stopes when pregtene is used it is customary to nail cleats on the floor to make 


Climbing up and down easier. 


‘Gob Lagging 


Usually if a cut~and-fill stope is partly bounded by ore which is to be mined in the 
future, a fence should be erected between the waste fill and this ore. This will prevent 
runs Of fill when mining the adjacent ore. It will also help, when using a stope and pillar 
System, as at Magma, United Verde, and many other mines, to keep the stove properly aligned. 
Any space between the zob fence’ and the solid ore may be filled with broken.ore or old scrap 
timber to support the fence. Often the posts are tied by wire rope or old cable strands to 
the fence on the opposite side of the stope or to a "deadman" buried in the fill. This pre- 
vents bulging of the fence. ‘Figure 18 shows ‘the method of building a-fence by framing the 
posts in half, . 

Figure 17,B shows the type of gob fence used at onved Verde. At this mine horizontal 
Stoppings are put behind the fence at each floor so that when the pillar stopes come up, 
only one floor of the loose ore stowed behind the fence can run out at one time. Otherwise, 
considerable runs might occur and undue strain be thrown on the fence. 

Some types of stope filling pack so tightly as not to run when mining alongside. If 
Such material is used no advantage is gained by building gob fences. 


Filling 


It is obvious that in a cut-and-fill stope the fill must be placed in volume nearly 
ecual to the ore removed. The difference would be the space taken up by chutes, timber, and 
tanways. If it is assumed that 10 cubic feet of a sulphide ore constitutes 1 ton, then, 
roughly, %& ton of broken limestone waste will be required to fill the space made by taking 


out the ore. 
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If mining and filling are alternating processes, rather than continuous, the demand for 
waste fill will be intermittent. In large rill stopes, such as those formerly worked in La 
Colorada mine, several thousand tons may be required to fill the opening made by one mining 
Slice. Ore production from the rill necessarily ceases during the filling period, which 
makes large and quickly available reserves of broken waste very desirable. If operations 
can be planned so that the daily waste requirements for the mine as a whole will be nearly 
constant, the filling cost will be appreciably lower because of the more efficient organiza- 
tion and smaller required capacity of the fill syston. 


Nature of Filling Material 


Broken waste rock of any size that can be economically handled in regular mine cars, 
passed through chutes and raises, and spread smoothly enough in the stopes to support a 
floor of plank is usually satisfactory as a stcpe filling. A paper on iron mining in the 
district of Krivoy Rog, Russia, 7° contains some interesting notes on the characteristics of 
the material used for fill. The ore there is very heavy, and the walls apparently need prompt 
and unyielding support. The conclusion is reached that a mixture of about three parts of 
wet clay and one part cf finely crushed rock, such as quartzite, forms the best filling. 
This material showed less shrinkage upon packing and drying than dry rock or rock and clay 
mixed in other proportions. Such care is seldom necessary, however, and the expense of the 
filling methods described would be prohibitive in the United States. Fine rock is preferred 
to coarse, because it is easier to transport and spread. It also gives a better surface to 
support the shoveling floor, with the result that less flooring is broken. Development waste 
is usually finely broken and is, therefore, sometimes used to form a smooth surface on top 
of ccarser waste fill from other sources. Tailings from a concentrator make very satis-— 
factory filling and are used in a few cases. They can be Spread by hand or washed into 
place as a hydraulic fill, in either case more cheaply than broken rock. 

Waste high in sulphur content (pyrite) should not be used for fill, because of the can- 
ger of fire. Sulphide ores oxidize rapidly when exposed to air ard moisture. The resulting 
heat and gases would be objectionable in any case, and if timber or combustible waste were 
present in the fill, even in small amounts, spontaneous combusticn might start the fill 
burning, with serious consequerces. 

Materia] containing some earth or decomposed, soft rock, or which for any reason tends 
to cement or pack together is very desirable for filling, as future mining operations under- 
neath or alongside will be much easier than with material which runs freely. Recently at 
Cananea a considerahle part of the fill used has been composed of an extremely altered and 
decomposed tuffaceous rock. This packs so tightly in the stopes that when it is used no gob 
fence is necessary. 


Sources Of Supply 


Generally a mine has more than cne source of supply of waste fill. As an example, the 
Peccs mine uses waste from development work, from prospect drifts out of the stope itself, 
from sorting in the stope, and formerly also from surface glory holes. 
| Development operations are the commonest source of filling, however. It is logical to 
use this material for fill as it is often the cheapest means of disposing of a considerable 
amount of waste produced in the progress of prospecting and development work. It is very 
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26 — Bouldovsky, A. K., ahd Ayvazoglou, W. (translator), Tne Method of Underground Mining uf Iron Ore in the District 


of Krivoy Rug: Inf. Circ. 6<54, Bureau of Mines, Marcn, 1930, 48 pp. 
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rarely, however, that development work can supply fill for all the ore removed, as simple 

calculations will show. Assuming that a half ton of fill will be required per ton of ore, 

and that the average development opening produces 50 cubic feet of solid waste, or not over 
4+ tons per linear foot, the mine would have to maintain a cevelopment ratio of at least l 
foot of development work for every 8 tons of ore produced. This is an extremely high ratio, 

and not often necessary. .For instance,’ Quayle states’’ that at the United Verde it is neces- 
sary to drive 20,000 feet of drifts and raises yearly to maintain a daily production of 3,000 
tens. This represents a ratio of approximately 45 tons of ore per foot of development. The 
annual reports af the Magma Copper Co. for 1927 to 1930 show a total of 61,500 feet of de- 
velopment work and a. production of 1,000,000 tons of ore, a ratio of 16.4 tons per foot of 
sevelopment. At the Pecos Mine for 1929 the ratio was 16.3. At Pilares, from 1925 to 1929, 
the figure ranged from 20.8 to 32.9 and averaged 25.2 over the entire period. The Butte 
mines of the Anaconda Copper Co. in.1926 and 1927 reported an average of 14.2 and 18.0 tons, 
respectively, produced per foot of development work. The mines of the Bisbee district are 
less fortunate than most in this respect, their development ratios averaging 9 to 12 tons 
per foot of development. Another disadvantage of depending on development work to supply all 
the waste fill for stopes is that the two operations must be balanced, which is perhaps’ theo- 
retically good practice over long periods, as a year or two, but which is not compatible with 
the frequent necessity of controlling production rates by shirting men from stoping to de- 
velopment work, ar vice versa. 

If development work is to supply a large part of the waste fill for stoping purposes, 
lt is desirable to provide large waste storage capacity so that the irregular demands for 
yasie fill may be met. The Calumet & Arizona's Campbell mine has a waste raise and pocket 
system for this purpose (fig. 19). Waste can be put into the system at the 1400 or any level 
celow and drawn out at any level down to the 2000. Thus hoisting of waste is avoided, there 
is always room for the disposal of development waste, and a supply of filling material is 
always on hand. 

Glory holes on the surface often are relied on for the major part of the waste fill. 
Ifa glory hole can be located directly above the stoping zone in the mine so that the pro- 
auct can be transported chiefly by gravity, the cost of the filling material will be very 
iow. It wiil seldom cost more than 10 cents per ton of waste passed through a l2—inch grizzly 
and ready for delivery to cars on the waste haulage level, making a cost of 5 cents per ton 
of ore stoped, excluding handling and spreading charges. Glory-hole operations comprise iu 
scparate and important mining method and will not bo discussed here in detail. Briefly, a 
raise is driven to the surface; at some point in the raise, well below any probable future 
-epth of excavation, a grizzly is installed and a grizzly chamber provided, or bulldozing or 
toxzbing or blasting chamber, as it is variously called. Below this point there should be a 
capacity of several trainloads of rock and a chute for loading the broken rock into cars. 
At the surface the rock is drilled and blasted into the raise, the excavation taking the 
‘orm of a funnel, with sides steep enough so that the rock will run by gravity into the 
raise. Drilling is generally done with hand-held jackharmers, drilling vertical holes 6 to 
i2 or more feet deep, which are blasted with dynamite without springing. The explosive con~ 
susption for this type .of work is usually quite low (at Cananea it was 0.12 pound of dynamite 
rer ton of rock broken), because material suitable for filling is of a type that breaks 
readily cue to being naturally strongly. fractured or jointed. Therefore, it would seem to 
“8 good cconomy to use sufficient holes and load heavily enough to break the rock well with 
ine primary blasting, thus reducing the Iabor cost of passing it throuch the grizzly. Tyo 
ty ee oe 
<7 ~ Quayle, T. W., Mining Methods and Practices at the United Verde Copper Mine, Jerome, Arizona: Iaf. Cire. 6140, 

Bureau Of Mines, February, 1931, p. 8. 
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men usually work together at the grizzly, breaking the oversize bowlders either with hammers 
or by plugging. 

At the Magma mine an 8-inch jaw crusher is installed below the grizzly to crush the rocx 
to a size suitable for stope filling. The grizzly consists of 60—pourd rails crossed to 
make cpenings 16 inches square. A miner and helper do all the work in the glory hole and 
at the grizzly and crusher, while two other men are employed most of the time in keeping the 
rock moving through the system of waste passes leading down to the stoping levels. The waste 
tends to pack in these raises if allowed to stand, especially when wet. To prevent water 
from the occasional heavy rains from entering the waste raises, a drainage raise taps the 
waste raise just below tho bottom of the glory hole. At this mine the cost of filling (all 
stopes are carefully filled) hes ranged in the last five years, 1926 to 1930, from 8 cents 
to 20 cents per ton of ore mined, depending on the proportion of fill which was derived fron 
development work and that from the relatively costly glory—hole operation. 

At Cananea in the latter part of 1929 about one-half of the waste fill for La Colorada 
mine or approximately 500 tons per day came from a glory hole on the hillside near the mine. 
The cost of this material, delivered to the loading chutes below the glory hole was $0.0983 
per ton of waste curing a typical month, or probably abcecut 5 cents per ton of ore mined. 

Since 1929 an increasing proportion of the waste fill for La Colorada mine has come 
from two other sources than the glory hole mentioned above. One of theee is an undercut 
block caving cperation in the hillside near the mine ore bins. From a tunnel several hundred 
feet long extending through a saddle in a ridge, crosscuts were driven under the hill, and a 
block of ground undercut a short distance above the tunnel level by a network of small drifts 
cnd crosscuts. This grourd is a well-fractured, highly altered, soft volcanic tuff. It 
caves readily and is mined cheaply. When placed in a stope it packs firmly, making an ideal 
fill. The third external source of fill for this mine is an old surface dump at the nearby 
Kirk mine. This is composed chiefly of well broken, soft, altered limestone, which likewise 
makes a very satisfactory stope fill. It is loaded into cars by a large electrically cper- 
ated scraper. The comparative costs of the three waste fill operations are given in tire 
following tabulation. 


Details of gobbing cost, La Colorada mine, Cananea, Sonora 

First six months, 1931. Costs in gold dollars per ton of zon. 
NG ory ote "Kirk dump? |Kirk block?} A114 _ 
LADOF oc cee cs tesvvussv wuss wsvss ....! $0,0725 | $0.9395 | $0.0599 | $0.0552 
Explosives. 000 te tee [0562 | 0014 | 0293 | .0322 
TAMBET cc ce eee Fes tis, acto ese ae | .0004 | | .0125 | .0038 
Miscellaneous supplieS...... oc cc eet | 0029 | 0057 | 0022 | .002e 
Drills, eto. wn... sede ash iets eases ean. Sas | 0023 - | .0011 | .0013 
Pipi k ess de wagers ioe oes, wee een eee ecg aa | 0099 | - | — .0048 | 0057 
Flectric power... ce ce ce certs cen ee | - | 0084 | - .0014 
Motor haulage... 5 ccc. ae a oeidtececie |_._ 0116 | «0638. | .0671__|__ .0422 

coe peasieidiali emanated 0.1556 | 0.1188 | 0.1769 | 0.1456 

| 

TONS. Geet xdeoite saan petnees eekewens Scere a | 54,073 | 20,035 | 36,710 | 124,970 
Hons pet’. Sb Vf bivjou cere Merrett needa uahiopedu aed | 45.40 | 989.39 | 38.85 | 52.95 


1Open glory~hole system, in hard porphyry (see U.S. Bureau of Mines Inf. Circ. 6247, Mining 
Methods, Practices, and Costs of the Cananea Consolidated Copper Co., Sonora, Mexico, ty 
William Catron). 20ld mine dump-~finely broken, decomposed limestone; scraping into cars. 
“Undercut block caving in a well—fractured, soft, altered tuff. ‘Several thousand tons was 
derived from underground development. ‘Power for electric hoist operating scraper. 
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At Pilares a glory—hole system is in use, except that one of the three glory holes in 
operation is in reality an old mined-out and filled stoping area, in which the only blasting 
now required is to remove the old stope pillars. Because of the difficulty experienced from 
the stickiness of the fill after winter rains, provisions have been made to store large 
quantities of waste in old shrinkage stopes in the mine so that active sa alia mining may 
be discontinued in large part during the winter. 

Almost everywhere the glory—hole method of mining is subject to the unfavorable effects 
of rains or snow, which often force the stopping of mining, but in most respects it is the 
cheapest method of supplying large amounts of fill. , a 

Old stopes supply satisfactory waste filling material under certain conditions. At the 
Eighty-Five mine the chief source of fill in the cut-and-fill stopes is material drawn from 
old caved shrinkage stopes. At this mine no damage results from allowing the stopes to cave 
after the level has been mined out. Similarly, at the Iron Cap, the fill from old stopes was 
drawn out for use in the stopes lower down after it became no longer necessary to maintain 
the levels above. The only cost in such cases is the cost of drawing and tramming, and 
occasionally the waste can be drawn directly from one stope into the other. 7 

In a few mines stopes have been operated partly or wholly for the purpose of supplying 
fill. It is stated that part of the fill used in stoping at the Iron Cap mine came from 
Shrinkage stopes above the ore zone. At Cananea a part of the production of a large shrink- 
age stope that was too low grade for ore was used for fill. The stope was being carried up 
through ground which was nearly barren close to the surface in order to make a cut-off to 
protect the shaft from subsidence due to mining. ae 4 ; , 4 

Mill tailings are used sometimes for fill and, as stated before, have very desirable 
characteristics. At the mines of the Copper Range Co., Michigan, a certain amount of stamp 
sand was formerly transported to the mines by the same cars which carry the ore to the mill. 
The sand was dumped into long raises close to the hoisting shafts. At Matahambre*® 29 tail-~ 
ings are pumped from the mill pond to a classifier at the mine, there deslimed, and run into 
the mine through pipes. Water is added to dilute the thickened sand pulp to about 66 per 
cent solids by weight. 

All the foregoing methods derive waste ‘from points Outside the stopes. There remain 
three sources of waste fill which may be of great importance. Where sorting is done in the 
stopes a varying but sometimes considerable proportion of the fill is obtained from this 
process. Ordinarily, if two-thirds of the material broken can be used for. this purpose, no 
outside source of fill is needed. At the Copper Range mines, as mentioned under the heading 
"Sorting," about half of the, material broken in the stopes remains as fill. 

In some mines, especially narrow-vein mines, the practice of shooting down the wall for 
filling is followed. Mining was done in the Smuggler-—Union vein in the Telluride district 
by this method. Sometimes in such cases the vein and wall are shot together, but usually 
the weaker member is broken down first. At the mine of the Molybdenum Corporation of America 
at Questa, N. Mex., where molybdenum sulphide ore is mined from narrow and irregular string- 
ers and the veins are usually not wide enough to give working room, the usual practice is 
first to blast down the necessary amount of waste, sort out of it such ore as can be seen, 
and then pick down the soft and friable ore by hand, or break it down by very light shooting. 
Shooting holes in the ore streak is avoided when possible because of the loss from scattering 
of the sulphide. At times, however, it is necessary to break down ore and waste together. 
It is estimated that 60 per cent of the material broken is rejected and left as fill in the 
stopes. 

28 —- Richert, G. L., Filling Stopes with Mill Tailing at Minas de Matahambre in Pinar del Rio, Cuba: Eng. and Mia. 
Jour., March 2, 1929, vol. 127, pp. 348-352. 

239 = Richert, George L., Mining Methode at Minas de Matahambre, Pinar del Rio, Cuba: Inf. Circ. 6145, Bureau of Mina3, 
June, 1929, 18 pp. 
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In mining wide veins tho practice of breaking the necessary fill from cne or both walls 
wcevld create a back too wide for safety. 

The third source of waste within the stope is prospect drifts or inclined raises driven 
into the walls or ends of the stope, and horses of waste in the ore, which are blasted down 
after mining partly around them. Raises are generally enlarged at a short distance from the 
stope so as to break a maximum tonnage of waste with each hole drilled. In some cases they 
are allowed to cave and the caved rock is drawn out as long as needed. At the United East- 
ern, in +he Tom Reed Extension workings, much of the filling was obtained from prospect 
raises in the walls. These raises were as long as 60 feet where the stopes were wide and 
needed large amounts of fill. It was found that this practice weakened the walls to such an 
extent as to cause much trouble, especially when the stope approached the level above; timber 
cribs then had to be used to support the hack. At Butte the practice of crosscutting the 
walls of a stope to supply waste fill is likewise condemned on the ground that it weakens the 
walls. In that district most of the fill is from development work. However, the driving of 
openings into the stope walls may be desirable for the reason mentioned previously-—that of 
finding parallel veins or branches of the main vein. | 

When waste is brought into a stope from outside, a grizzly is sometimes placed over the 
top of the fill raise to insure that all the rock will be under a certain size and to serve 
a safety purpose as well. Such grizzlies are made generally from old rails, with openings 
9 to 12 inches wide. If the waste is to be spread by hand shoveling or by wheelbarrows or 
cars, it is especially desirable to eliminate bowlders. At United Verde, where a large part 
of the waste fill comes from power=shovel operations in the open pit and is dropped through 
long raises to the active mining levels, it is found that if the waste is kept drawn well 
down from the tops of the transfer raises the rock is crushed by dropping and issues from the 
bottom much finer than when put in at the top. 


Spreading Fill 


The waste can be spread in a stope by a number of methods: Gravity, hand shoveling, 
scrapers, wheelbarrows, or cars; for sand fill any of the above methods or water or compress-— 
ed air may be used. a 

Gravity is the cheapest method of spreading, and in the ideal rill stope little or no 
labor is required for this operation. If the waste enters at the apex of two rills it may 
be necessary to build bulkheads to divert the waste to one side or the other. If flat places 
occur, some hand shdveling or scraping must be done. If the stope is wide, some labor will 
be required to spread the fill evenly across the width of the stope. 

Hand shoveling is relied on usually to spread the fill in a horizontal cut—and—fill 
stope when the fill raises are close together. For distances greater than the economic 
hand=shoveling distance, wheelbarrows may be used, especially in narrow stopes where the 
tonnage to be moved would not justify installing cars or a scraper. 

If the waste is to be moved a considerable distance from the waste raise in the stope, 
a common practice is to lay track and hanile the waste in cars. In this event a loading 
chute is usually built at the bottom of the raise, and taken down and rebuilt after each 
Slice mined. At Pilares, 2-wheeled conveyances like cement buggies, called "chalupas," are 
used for spreading fill from loading chutes under the waste fill raises. Cars are used in 
place of the chalupas where irregular spacing of the waste raises has resulted in long hauls. 

Cars used in stopes are usually the regular small mine cars holding 16 to 20 cubic feet 
of rock. The track may consist of light rails, usually 18-inch gage, with wood ties spaced 
well apart. United Verde uses sectional track for tramming in the stopes. Using this track 
and the 18—-cubic foot scoop—body car designed for this service, waste trammers average 70 
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cars per shift. This would provide fill for 125 to 150 tons of ore produced daily. In the 
horizontal cut—and-fill system formerly used at the Champion mine of the Copper Range Co., 
tramming of both ore and waste was done in the stope oar previously described. A rill cut- 
and~fill system is now employed in which the ore is handled largely by scrapers and the 
waste runs into place by gravity. _ 

If sorapers are used to move the ore to the chutes, they are generally used to spread 
the fill also. This is the case at Cananea and at Park Utah. Moreover, at several mines 
where scrapers are not used on ore they are found advantageous for spreading fills At 
Pilares scrapers are used in some of the large stopes; scrapers are used to some extent at 
¥atahambre for spreading sych development waste as is put in the stopes; scrapers were used 
to move the fill in the larger open stopes at United Eastern. | 

When mill tailings are used for filling they may be spread by compressed air, flooded 
in as a thick pulp, or handled dry in cars. At the Copper Range mines a system of spreading 
tae stamp sand formerly used for filling consisted of a sand tank and a compressed-air jot. °° 
This device apparently operated efficiently, but has been abandoned. At Matahambre, as 
stated, deslimed mill tailings are used. It enters the mine mixed with water as a pulp about 
iwo-thirds solids by weight, and flows by gravity through pipes into the stopes. After ex— 
tensive trials with iron pipe and rubber hose, rubber-lined iron pipe was found most eco- 
nomical, though expensive in first cost. The sand is spread around the stope in a semifluid © 
condition, low dams of sand being built up to restrict its travel if desired, and using pipe 
or hose to lead the flow from the fill raise to any point in the stope. Because of the range 
aad flexibility of this system, fill raises are now spaced on 100 or 150 foot centers instead 
of the 80-foot intervals formerly used. To keep the sand from washing into the chutes or 
ranways, these are wrapped with burlap before filling. . The chutes and manways are also lined 
with plank, which prevents any large runs of sand in oase the burlap rots away. Within 12 
hours Of the time the filling is run into the stope the water has drained out to the level 
telow, leaving a smooth solid floor in the stope, which is apparently used to blast the next 
cut of ore upon without any flooring. A filling of this.type will settle very little, and 
gives excellent support to the walls, as it washes into all cracks and irregularities. ihe 
cost of filling was given as 35.3 cents per ton for 63,554 tons of tailing placed in the mine 
during the first nine months of 1928. This compared very favorably with the cost of 55 cents 
per ton for rock mined at the surface and used for stope filling. Moreover, it was believed 
that with certain changes and with the experience gained in the first years of operation the 
cost would before long be reduced to about 20 conts per ton of filling placed in the stopes. 

In norizontal cut-and-fill stopes the fill is spread to within 3 to 7 feet of the back. 
This distance depends partly on drilling practice. If stopers are used, as in a few cases, 
6 or 7 feet is the least working space that should be left under the ore. If breast stoping 
is practiced, the only work that has to be done under the old back is the spreading of the 
fill and laying floor. Placing the fill close to the back reduces to a minimum the height of 
the back over the miners and muckers after the next cut, and correspondingly increases safe- 
ty. If, however, under such conditions a large or thick round is broken, @ considerable a- 
mount of mucking will have to be done before drilling can proceed, as the muck pile will. 
block off the face, If it is desired to have the miners drilling and breaking continuously 
and without any interference from mucking operations, it may be better to leave enough room 
setween the fill and back to accommodate most of the broken ore, which will then form a work- 
sng platform at the right height for setting up a drill column (see fig. 6). 

In an inclined cut-and-fill stope the fill is ordinarily placed as close to the back as 
zen can work to lay the floor, that is, 2 to 4 feet. In these stopes the face is cleared of 


<0 — Schact, W. H., Mining Methods of the Copper Range Company: Trans. Am. Inst. Min. Eng., vol. 72, 1925, p. 563. 
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ore by gravity after each round, unless the ore is deliberately allowed to accumulate t¢ 
form a working platform for drilling. , ; 

Filling in a stcepe settles slightly after being placed. In rill stopes at the United 
Verde it is observed that this settling has a differential effect which tends to flatten the 
pitch of the rill from its original slope of 40° to about 37° by the time a cut is finished. 
such settlement is due in part to the weight of the fill itself and partly to the impact of 
ore falling on it. [Tt may cause some difficulty in keeping cribs or stulls tightly blocked 
against the hack but will seldom be enough to allow any appreciable movement of the ranging 
wall, such as might result from the failure of timber in a square-set stope, or the motion 
of cre in a shrinkage stope. 

After being placed, the fill is often wet dcwn to help consolidate it. When soft, fine 
material is used, this is effective and produces a smooth, hard floor on which the loss of 
fine ore will be small. 

At Butte an extensive hydraulic filling operation was carried on in a section of the 
Anaconda property where stubborn mine fires were interfering with mining.°! From 1917 to 
1921 about 460,000 tons of solids (mill tailings) had been used for this purpose, and it was 
estimated that about 800,000 would be used in all. The material was tailings from a concen- 
trator; it was passed through spitzkasten to thicken it to about 25 to 30 per cent solids. 
The material was much finer than that used at Matahambre, consisting of over 50 per cent 
minus 200 mesh, whereas the latter-contained only 8 per cent. Nevertheless, it apparently 
presented no difficulties in handling or in draining in the stopes, and formed a compact fill 
which would stand in a vertical face when excavated. Apparently no difficulty was experi- 
enced with pipes wearing out, which was one of the greatest troubles encountered at Matahar- 
bre. Six-inch, extra-heavy, cast-iron, flanged pipe was used in the shafts and 4-—inch cast- 
iron or wrought-iron pipe on the levels. It was found that good practice permitted 80C feet 
of horizontal transportation for each 100 feet of head in the shaft lines. 

The cost of procuring and placing waste in a stope is a direct charge against ore ex- 
traction, just as properly as timber and timbering labor would be in a sauare-set  stope. 
Under certain conditions this cost might be so high as to give preference to some other means 
of support. At a quicksilver mine in California, where some underground mining is done by 
the square-set method, the timber is used merely for a working platform and perhaps to prce- 
vide good temporary protection for the miners. The walls of the vein are so strong that ar- 
ter a stope is mined out the timber is often removed and used over again in another stone. 
Under such conditions timbering is probably less expensive than filling wculd be. As a fur- 
ther illustration, it is well known that the cut—and-fill method was introduced into many 
mines, as in the Michigan copper and iron mines and especially in the copper mines of the 
scuthwest, only when the exhaustion of local timber and the cost of imported timber made the 
square~set method over costly. Whenever timber is a satisfactory support and is cheaper than 
waste fill its use should be considered. 

In considering the cost of filling, the relative densities of ore and fill must be kept 
in mind and the cost translated preferably into cost per ton of ore. Filling of low aensity 
will ordinarily be more cheaply handled as well &s occupy more room per ton. The cost of 
filling as well as the cost of breaking may be decreased by mining thicker slices. 


MODIFICATIONS AND COMBINATIONS OF CUT~AND~FILL WITH OTHER STOPING METHODS 


The use of Square-setting for the removal of pillars under and over the levels has been 
mentioned. This, however, scarcely comes under the heading of combined methods, as so smal] 
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31 — Rahilby, H. J., Mine Fires and Hydraulic Filling: Trans. Am. Inst. Min. Eng., vol. 68, 1922, pp. 61-72. 
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a percentage of. the ore is extracted by the square-setting. A true combination of the cut- 
and=fill and square=set methods is not.uncommon, however. At the Pecos mine, as at United 
Verde and Pilares, the two methods are used interchangeably:. If a cut-and-fill stope ad- 
vances into bed ground, it is a very. simple matter to level the fill, stand square-sets and 
proceed by square=setting. If oonditions revert to the former status, it is equally easy to 
stop timbering and resume the. former: method. Chutes are peadtty: maintained through the 
square-set sections by lagging off the desired sets.. a 

When square=setting is used to remove the pillars between or under filled stopes con- 
ditions are generally unfavorable because.of heavy, fractured ground and the necessity of 
holding back the waste fill in the old. stope... This is reflected in higher mining costs, 
which are sometimes wrongly believed to be due to the use of square-setting. However, as 
pointed out by Elsing, °? the inevitable result of cutting a block of ground into stopes and 
pillars is to produce adverse mining conditions in the pillars. Pillar mining, accordingly, 
should be held to the minimum consistent with safety and with the reasonably complete re- 
covery of ore. At Pecos a former practice was to mine stope sections 15 to 60 feet long with 
15-foot pillars between. Pillar mining was.found to be more expensive and to require more 
skilled labor and closer supervision than the stope mining. Therefore, it was abandoned to 
the extent that stopes were laid out in panels 100 to 150 feet long, to be mined in success— 
ive 15-foot sections, with pillars left only at the panel boundaries. . 

At Magma the experience has been different, and pillar. mining furnishes roughly 40 per 
cent of the ore hoisted. Cut-and-fili stope sections 16 feet long alternate with 14-foot 
pillars. The latter are mined by the Mitchell slice system, which consists of underhand 
stoping with temporary timber support of the walls and of the fill in adjacent worked-out 
stopes. The Mitchell stopes are filled as each is completed for permanent support. At this 
mine the direct stoping cost per ton in the pillars is only very slightly more than that in 
the rill cut-and-fill. stopes--$1.46 against $1.35. ; 

A stoping method known as semishrinkage stoping is used at the Campbell mine of the 
Calumet & Arizona Copper Co. (fig. 20). This may be considered a modification of either 
cut-—and—fill or of shrinkage stoping, but is. closer to the former because permanent wacie 
fill is an essential feature. Development is the same as for the usual rill stope at thar 
mine. However, instead of following each mining slice by filling, the cycle consists of min- 
ing three or more 12—foot cuts from the back of the stope, then drawing the ore out and fill-— 
ing with waste. The ore which must be removed during mining because of the "swell" is passed 
through grizzlies in square—sets carried up at one end of. the stope. As soon as they are 
put in these sets are securely. anchored to the wall by cables and short pieces of steel set 
in holes in the solid rock so.that they. will not collapse when the stope is temporarily 
emptied of ore. . The bulk of the ore is drawn out, after a-careful barring: down of the back, 
by opening the lagging in a set near the bottom of the ore. After the ore-is cleaned out, 
the temporary floor.is taken up, the-stope. filled, and the flooring re-laid as in a regular 
rill stope. This method ties up a considerable amount of broken ore, but not as much as 
ordinary shrinkage stoping. It gives no opportunity for sorting, and is somewhat erratic in 
ore production .and fill requirements,: but the costs of mining and filling are reduced by 
putting these operations on a larger scale, and the cost of flooring is likewise reduced. 

A modification of cut-and-fill stoping,: which might best be called underhand cut—and- 
fill, is used in the Tiro General mins. at.San-Luis Potosi, Mexico.** The complex sulphide 
orebody is a vein dipping about 70° and averaging 50 feet wide. The footwall is regular and 


32 — Elsing, M. J., Square-Set Stoping: Eng. Min. Jour., vol. 1350, Oct. 9, 1930, pp. 329-332. 
33 — Willey, Howard, Top Slicing with Filling of Slices, as Used at the Charcas Unit of the Cia. Minera Asarco, S. A.: 
Tech. Publication 364, Am. Inst. Min. Eng., 1930. 
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well defined by post-mineral faulting, which has produced a smooth surface frequently 
covered with a slippery clay gouge. The footwall is limestone, strong in places, but in 
cther places broken and altered to such an extent as to require heavy timbering. The ore is 
fractured and jointed, both transverse to the vein and in horizontal or flatedipping planes. 
The latter system is pronounced, and is responsible for the ore's heing very difficult to 
support. The hanging wall is an irregular surface, frequently an economic assay limit, so 
that stoping widths range from a few feet to 90 feet. The hanging-wall rock is a shatterec 
and altered monzonite porphyry which almost always requires heavy timbering. The vpper 
Jevels of the mine, in which considorable ore remained, were koney-combed with old workings, 
the stcpes of which were open, cavod, or filled with waste or formerly waste material. It 
was necessary while extracting virgin ore from the lower levels to avoid wrecking tte upper 
part of the mine or causing any subsidence which would affect the shaft or surface plant. 
It was also desired to develop a method which could later be used for mining in the upper 
portion of the vein. 4 os 

The method finally adcpted consists of mining 1]l-foot horizontal slices in downward 
progression from 100—foot blocks, flooring and filling promptly to sustain the weight of tte 
walls, and temporarily carrying the weight of the fill on .stulls and flooring while mining 
out each slice (fig. 21). The chief advantages of the method are safety tO workmen, cozr- 
rlete extraction of ore, and lower costs than are obtained with overhand square-setting and 
filling, which was the only other method whicn had proved applicable under the very adverse 
conditions noted. The saving in cost was 48 and 56 cents per short ton whon working in vir- 
gin ground and in old workings, respectivoly, and was effected chiefly in docreased timber 


consumption. The production in tons per man-shift was abcut the same as for square—set 
stoping: 


ITons (2,000 pounds) per mwan-shift 
___...|--In_virgin ore |In old workings 
Square-setting........| 0.70 | 1.37 
Filled top-slicing| 0.59 | 1.48 


In 1929 or 1930 a small orebocy was mined at the Copper Queen Fy an unusual combination 
Of square-setting and inclined cut-and-fill stoping. The ore was outlined on an intermediate 
level by an untimbered drift about 100° feet long, and two or three short crosscuts. A 2- 
compartment raise extended from the drift to the level 70 feet above. The drift was first 
timbered with sill floor square-scts, having 9-foot posts. Chutes were built at convenient 
intervals, and a single row of square-sets was carried up over the drift, extending both 
vertically and lengthwise to the ore limits. This formed a timbered slot one set wide, over 
125 feet leng, and about 55 feet high. The ore did not extend to the level above. The ground 
was hard, heavy, and blocky. Saquare-setting, however, seemed an unnecessary expense, and 
cut-and-fill stopes were laid out normal to the "slot," 20 feet wide, with 15-foot pillars 
between. These stopes were mined as rills, running the broken ore down to the "slot" by 
gravity, and introducing fill through small untimbered raises run up at the far end of each 
stope section. Upon reaching the top of the ore the pillars between stopes were mined down— 
ward, uSing underhand square-setting. 

Drilling and breaking efficiencies were very high in the first or cut-and-fill part orf 
this work. Having a "slot" across the ends of the stope sections, instead of separate two 
or three compartment manway and chute raises for each stope, maie access easy for men ang 
supplies and provided a convenient place to break bowlders and draw off the ore. However, 
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considering the difficulty and cost of extracting the badly crushed and heavily loaded pill- 
ars, it is uncertain whether the method used or straight square-setting would have produced 
the better results. The average labor: efficiency for the whole orebody was about 4 tons per 
man—shift, which is lower than the usual efficiency in square-set stoping at this mine. 

At the Gilman property of the Empire Zinc Co.*4 certain zinc orebodies are mined by 
stopes and pillars, the stopes being worked by a modified cut-and-fill method. The orebodies 
are pipe~like, with transverse vertical sections perhaps 50 feet high by 150 or 200 feet 
long. They are laid out into transverse stopes and pillars, the stopes being 35 and the 
pillars 15 feet wide. The stopes are mined by horizontal cut-and—fill, but a row of square— 
sets is carried up on either side, as the stope advances. This timbering supports the back, 
which seldom stands satisfactorily over a full 35-foot span. The square-sets likewise pro- 
vide a secure gob fence, and serve later as support for the long timbers used in stoping the 
pillars, which are worked by the Mitchell slice system. The upper one or two 8-foot slices 
in the stopes generally are square-setted, as the ground is weak near the top of the ore. 
Thus it is apparent that 25 to 50 per cent of the cut-and-fill stopes are actually square-— 
setted. Both ore and waste are generally transported in the stopes by scrapers. Comparative 
statistics follow, in which regular square-~set stoping is contrasted with the two phases of 
the stope-and=pillar method: 


~_ - ee ~~ 


: : a i — | 


Tons per machineman shift. PASI 28.4 21.7 
Tons per timberman shift... 13.5 © § £21.4 18.4 
Tons per mucker shift..u....... . 18.5. 19.5 19.3 
Tons per fill~-labor shift... 35.1 44.2 - 
Tons per total man-shift.... 4.64 6.4 6.4 
Timber, board feet per ton 13.9 7.3 6.7 


Powder, pounds per ton........ 0.67 0.53 0.41 


Column A gives the average of 11 square—set stopes. The powder consumption shown in- 
cludes powder used in blasting the back of the stope for filling. Mucking and filling are 
done by hand. Column B is the average of 9 cut-and-fill stopes, including, however, the 
square—setting of the tops of stopes. Mucking and filling are largely done by scraping, 
Column C is the average of only two pillar stopes, which have not yet been filled. Hence, 
the tonnage is not sufficient for accurate comparison. Mucking was by hand, but most of the 
ore went to the chutes by gravity. 


STOPE-CREW ORGANIZATION AND METHOD OF PAYMENT 


The organization of stoping crews is so closely related to the method of payment that 
the two subjects are most conveniently considered together. Generally the shift boss whose 
territory includes a given stope has direct authority over the work in that stope. In scne 
cases, however, he is assisted by a stope boss, as at Cananea, for example, where a stope 
boss generally supervises the work in two or three stopes. If the contract system is in 
force, the head contractor may in effect’ perform the duties of a stope boss. He may thus 
be in charge of three to a dozen men. The stope boss sometimes works as a miner in addition 
to his supervisory duties. If no man in the stope is officially named as the boss, the miners 
usually assume the responsibility and direct the work of the muckers or trammers. 


24 — Borcherdt, W. 0., and Technical Staff of Company, The Empire Zinc Company's Operation at Gilman, Colorado: Eng. 
and Min. Jour., vol. 132, August 10, 1931, pp. 99-105. 
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No apparent trend is discoverable in the mines discussed in this paper either toward 
or away from specialization in work, although the nature of the changes made in some mines 
and the great differences noted in practice would indicate that the subject has received 
considerable thought. Some mines are changing toward the generalization of the duties of 
individual miners while other mines still maintain the olcer system of specialized miners, 
timbermon, muckers, trammers, repairmen, and so on. At Cananea, Pilares, Magma, Park Utar, 
and the Grourd Hog, for a few examples, the work in the stopes is done more or less indis- 
criminately by all the men, the sole distinction being that most of the shoveling is done 
by muckers or helpers. At the Ground Hog mine it was found that the separation of drilling 
and timbering resulted in loss of coordination; often the miners Froke ground so far ahead 
of the timbermen that caves cccurred, Under the present system the same men drill and blast, 
timber, and muck if need be. The stope crew consists Of one timberman, who is the highest 
paid man, one machineman, and one helper. The change in system has had favorable results. 
In the copper mines of Michigan it was similarly once the practice to employ specialists: 
Macrinemen, timbermen, dry~-wall and mill-hole builders, fillers, and pickers. It was diffi- 
cult to secure satisfactory cooperation between the separate crews, and considerable lost 
time occurred because of one group.of men having to wait for the other. Now each stope is 
worked by one miner and one or two helpers or muckers who perform all the necessary opera- 
tions, and a considerable gain in laber efficiency has resulted from the change. 

At the Champion mine, in this district, the stope contract system is designed to er-— 
courage careful sorting of the ore. A miner and one or twe muckers constitute a stope crew 
to break the ground, sort and tram the ore, and place all necessary props to support lcose 
grounc. Miners receive 45 cents a day more on company account than do the pickers, but the 
bonus payment is divided according to shifts worked by each man. Fach month the engineers 
measure the stope to determine the volume broken and the average width. Underground tramming 
records and the time books supply the additional information needed to calculate the bonus 
payments. Three separate items comprise the total bonus payment. The first is a bonus based 
ca tonnage broken, modified by the width of stop9; the wider the stope the less tre benus 
for a given tonnage per man-shift. The second item is based on the tons of ore producca 
and tho sorting ratio; the more sorting is required the higher the bonus paid per ton <7 


Nae 


copper rock shipped from the stcpo per man-shift. The third item is a powder allowance based 
on tre tons broken and the width of the stope. | 

The United Verde mine offers a good example of the principlo of specialization of wo:k 
that has been applied to such a marked degree in the large mines using the undercut blocy 
caving system ef mining as well as in most modern manufacturing piaants. At this mine, in a 
cut-—and—fill stcpe with an area of 5,000 to 9,000 square feet, which may produce about 159 
tons per day (two 88-hour shifts) the usual crew on each shift consists of one miner, who 
drills, loads and blasts the round; about six muckers; one pluggerman, whose cuty is to drill 
and blast bowlders too large or hard to be broken by hand; two to four timbermen, who build 
chute and manway raises, construct grizzlies, and build waste pockets; two more timbermen , 
who repair chutes and other timber structures; and one or two waste trammers, who tram and 
spread the waste fitl--a total of 13 to 16 men. A labor efficiency of 8 tons per man=shirt 
in horizontal cut-and-fill stopes is given for the year 1929. Mining, mucking, waste fillins 
and repair timbering in most of the stopes are done on the bonus system, men being paid ac— 
cording to the ratio of their performance to a standard set at the beginning of each bi r 
monthly period. New timbering is on contract and is paid for at so much per timber crib 
placed, or per waste pocket built. 

Recently the contract system has been introduced in the stopes in some small section-- 
of the United Verde. All labor and explosives are charged against a given contract, and art 
the end of each month any contract earnings, based on the tons of ore extracted at the given 
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price per ton, are divided among the men, miners receiving Couble what the muckers receive. 
The main tangible advantage to the company has been in a Saving in explosives. However, a 
aoteworthy psychological advantage has resulted from the change, in that the men are more 
contented. They feel that they are receiving the full contract price per ton and are the 
chief gainers from any extra exertion or improved efficiency, rather than having to divide 
the rewards with the company. The bosses, moreover, tend to give closer supervision to 
stopes which are worked on contract and keep more accurate accounts than under the bonus 
system. Some time ago it was attempted to establish a powder bonus in stopes working under 
-he bonus system, in order to decrease the explosives cost. This was unsuccessful because 
of its unfavorable psychological effect on both the men and the bosses. 

At Pilares an elaborate system of stope contracts has been developed during a long 
period of operation. A given crew of men performs all operations in a stope. One contract 
price covers breaking, shoveling, and timbering. Each other operation has a more or less 
standard price and involves extra payment.. It is found that orders pertaining to a change 
in method or arising from safety considerations in the stope are much more willingly and 
efficiently carried out when the men know that they will be paid for the additional labor 
than when the extra work is all included in the single main contract. 

In almost all of the mines discussed in this paper, all or a part of the stoping is 
done under either bonus or contract systems, with the latter predominating. The contract 
system, in which every unit of work is paid for at a flat rate, offers the greatest chance 
for large earnings to the exceptionally able workman, whereas the company does not benefit 
so directly by decreased unit costs. Contracts are, therefore, more difficult to set at the 
correct figure. Such bonus or contract agreements almost always guarantee at least day's 
wages to the men. Frequently the contracts are verbal only and seldom are written for any 
definite amount of work even when signed agreements are drawn up. Most companies have found 
it advisable to give the men the advantage in rate changes during a contract period, with 
the result that prices are never lowered during a period but are usually raised if it is 
found that a mistake has been made in setting then. 


VENTILATION 


Ventilation of cut-and-fill stopes is usually by upward air currents which enter by way 
of the manways from the extraction drift and reach the level above through manways or fill 
raises. In a horizontal stope a fill raise is likely to be choked with waste part of the 
tine. If only one raise exists, it should have two compartments, one of which can be kept 
vpen for ventilation. Ore chutes are unsatisfactory air passages, as their usefulness is 
intermittent and ventilation through them may have to yield precedence to ore handling. 

Ventilation in most stopes is concerned primarily with removing the smoke and gas from 
clasting. In the massive sulphide stopes of the United Verde mine this is of vital import-— 
ance, as blasting in this ore produces particularly noxious gases. At a few mines, such as 
“agma and the Eighty—Five mines, the supplying of cool, dry air to permit men to work is 
probably the most important function of ventilation. 


SAFETY 


Accident hazards and accident prevention in cut-and-fill stopes have many features in 
-oOrmon with other types of mining; these features will not be discussed here, but attention 
"lll be concentrated on some which are more or less peculiar to this methed of mining. 

The cut-and-fill method of stoping is a safe method when rightly used under proper 
conditions. Both miners and muckers are working a large part of the time under a rock back 
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from which large slabs or bowlcers may drop, and which must always, at least, be watched 
carefully and kept trimmed to prevent the occasional falling of small pieces of rock. Ina 
shrinkage stope it is often possible for the men to avoid the center of the stope by drilling 
long holes from near the edge, and there is no need for muckers in the stope, so that fewer 
men are exposed to the danger. Open stoping is used only in the best of ground, and after 
the first thorough cleaning of the back there is seldom any falling of rock. In timbered 
stopes the men can be protected by lagging overhead. Therefore, the first rule of accident 
prevention in a cuteand-fill stope should be "bar down." 

A horizontal cut-and-fill stope usually has a number of chutes and two or more manways 
opening at the level of the floor of the stope; a hazard exists of men falling down these 
openings. Chute grizzlies and manways both should be planked over when not in use. Manways 
may be guarded by railings or other devices. If it is practicable, the use of one raise for 
both manway and ore chute should be avoided. If two raises are not available, the danger 
that ore will be shoveled or pushed into the manway must be guarded against by covering the 
manway tightly with planks, or by means of a trap door, or by building the manway side higher 
than the chute. Figure 14 shows a satisfactory chute and manway combination used at Magra, 
which need not necessarily have two chute compartments. 

In a rill stope there is the hazard of rclling bowlders. This danger increases with 
the steepness of the rill and the size of the stope. If the rill is steep enough to cause 
the ore to roll or slide to the bottom, which is the essence of the method, the muckers should 
if possible be given protection in the form of square-sets or cribs placed next to the grizz-— 
ly at the bottom of the slope. This is the practice at Magma, Pilares, and Calumet & Ari- 
zona. At the Ground Hog mine the use of a shoveling platform makes it possible to place 
stulls or other stope timber to support the back, and the level space gives a safe and con- 
venient working space for the muckers. 

Fill raises are a potential accident hazard in cut-and-fill stopes because of the possi- 
bility of rock fill being dumped in without warning. If temporary loading chutes are used, 
this danger is eliminated except during the period when the chute is removed and a new cut 
is being mined adjacent to the raise. At such times, and in any stope where the fill raises 
are left open, extreme caution must be used by the filling crews and the miners themselves. 
Many accidents have occurred from dumping fill into the wrong raise, or from lack of contact 
between the stope crew and the waste trammers on the level above. 


CosTS 
- The following cost tables, 4, 5, and 6, have been compiled from Bureau of Mines Infor— 
mation Circulars and from the other sources referred to previously. 

Table 4, which gives mining costs in units of labor, power, and supplies, includes a 
number of mines which use the cut-and-fill method only in part. The costs for these mines, 
therefore, apply to no one method, except that at United Verde the figures were segregated 
according to stoping method and, therefore, apply to cut-and—fill mining only. As develop— 
ment cost at United Verde was given separately, a proportionate part of this was added to the 
mining cost to give the figures shown. 

Table 5, giving mining costs in dollars and cents, must be interpreted with the same 
understanding of the methods used at the various mines. © 

Table 6, showing stoping costs by the cut—-and—fill method, gives figures which are free 
from the effect of combined stoping methods. For the four large mines, Campbell, La Colorada, 
Pilares, and Champion, the costs range only from $0.80 to $1.28 per ton. The costs at Unitea 
Fastern and Iron Cap, however, were $2.92 and $2.90, or more than three times the lowest cost. 

Because of the dissimilarity of mining conditions, no averages have been calculated. 
Each cost should be considered in connection with the operating problems and conditions at 
the mine in question. 
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Table 4.= 
2 | | | ih BU se hee SF | Labor, man-hours per ton Tons per 
Mine 8 Loca= | Date [Tonnecs | . Method |Break-|Tim- |Muck-|Haul~ |Super=|Gen- \Total | De: 
| tion | : | ithe | ae | ing | bers | ing | age, |vision|eral | shift 
| | : | ae | | | | ing || |hoist—| . | under— 
Bade t ites) a | a ae a es a 
sited Verde ’|arizona fee |s00,000| 61 per cent horizontal | 0.235|0.468|0.623| 0.238| 0.126|1.037| 2.724| 2.92 
| |. | 8 ao raat fe tt oe 
| | | | 27 do. square-set | . | | | | | 7 | | | 
L - || | 8 ao, topeantos ee ee ee 
agza [arizona | 1928 | 263,094| Mostly rill-and-pillar | « 2.208 ) | .639| .479| .934; 4.261; 1.85 
| | | | Some timbered-rill | | | | | | | 
aColorada |Mexico |‘1929 | 262,278| 40 per cent rill | .876| .799| .990| .494| .297; .163| 3.619; 2.2 
| | | j | 14 do. horizontal | | | | | | | 
| | | | Some square=set and shrinkage | | | | | | 
Lares |Mexico | 1929 | 835,036| 59 per cent horizontal | | | | | | | 2.24 
P| fae day ott i ee ee 
| | | | 18 do. square-set | | | | | | | | 
Tigre |Mexioo | 1924 | 6, 080|Chiefly horizontal and inclined; | | | | | | | .64 
| | | | some shrinkage and open | | | | | | 
3 |N. Mex. | 1929 | 217,121] 40-per cent horizontal | -917|1.476|1.015] 592) .071| .631| 4.702; 2.4: 
| | | | 50 do. square-set | | | | | | | | 
cus |Michigan| 1927 | 400, 000|Horizontal and inolined | | l | | | | 2.68 
-tambre [Cuba ‘| 1928 | 364,746| 70 per cent horizontal | 1.07 |°.78 j1.43 | .64 | .12 | .28 | 4.32 | 3.86 
| | | 30 do. square-set | | | | | | | | 
Tuga |Ecuador 1922 | Mos, 000 Horizontal and inolined | | | | | | [16.28 | 
esta |N. Mex. | *21930| 6, 169| 90 per cent horizontal | | | | | | | | a 66 
ee ee ee eee Po f — fo to yf 
2apion \Michigan| 1921 | 531,780 | Horizontal and inclined | | | | | | | 2.55 
sapion jMichigan|?°1930| 193,597| Rill stopes |; SYS 430 |.92) seb |. cle) stn} e.da | eee 


- United Verde costs apply to cut-and-fill mining only, but have been refigured to include a proportionate share of deveiy,.-. 


Bent cost. 


First 10 months of year. 


Estimated on basis of 3,000 tons per day. 


First 6 sonths. 


November. 
Includes filling. 


From Mines Handbook, 1924 volume. 


June—November, 6 months. 


Ineludes surface labor. 


Last 5 months. 
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Table 4.— Mining goats in units of labor. poser, and supplies at mines usice the cut-aud-fil) nethod Continied 


| ieee a 


Mine 


Ur.ited verde 


| 

| 

| 
Magna | 
La Coloreda | 
Pilares | 
el Tigre | 
Pecos 
Various 
Matahambre 
Zaruba | 
Questa | 
Chaspioa | 
Champica | 


1 = United Verde sosts apply to cuteandefill mining ouly, but have been refigured to include 


ment cust. 


66 


1.02 
2.24 
2.98 
-68 
1.5 


Labor, per |explosives povads|Tinber, board 


ge oe ee 


6 — Given as 3.9 linear feet, of S—inoh averuge diameter... 


7 — Plus 70 pounds of coal for steam power. 


&— Plus 0.002 oord of lagging. 


10 — Plus considerable round tisber. 


14 — Stated as 4.86 linear feet of S—inoh round. 
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4.03 
4.00 


a ed 
—_——— a eS NE ae 


& 


Ventilation |osner ict 
3.c7 | 0.6. - 
4.91 | 1.08.3.8 

2 | es 
; tom 
s dhe 
-~ | ogi; 
- | = |. 
Le | - uw 
- i+: 
= = 16. 
- | 2.5€ wt 
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Table §.= —— 


pry aes oe 5 " 


ee 


ine |Location| Date | Tonnage |~ " Method” ~~ {Labor Rete eat | Com— |Other |Tota! 
| | | | | | vision|sives | | |pressea| | 
| | | | ee ee ee ee ce 
| y | | es ee ee ct 
| [| | ee ee ee | 
ee neers reer | |] | |__| |__| __} steer | 
United Eastern [Arizona |1917-24/717,582{ Horizontal cut-and~fill | ( $2,628 [0 513|$0.462|$0. 289 - |so. ae 405 
ia Colorada |Mexico | ‘i929 |262,278| 40 per cent rill }$1.102|/$0.171; .279|  .257| 070) $0.235] .328, 2.441 
| | | | 14 do. horizontal plus | | | | | | 
| | | square-set and shrinkage | | | | | | | 
Pilares \Mexico | 1929 |835,036| 59 per cent horizontal | 1.374] .219, .231; .319) .055| .232/ .170| 2.600 
Pf | ae ae, > rata oe ee ee ee ee 
| | | | 18 do. square-set | | | | | | | 7 
El Tigre” |Mexico | 1924 | 6,080| Chiefly horizontal and rill;| 3.71 | .32 | .48 | .51 | .10| .56| .39 | 6.07 
| | | | some shrinkage and open | | | | | | | | 
Pesos IN. Mex. | 1929 |217,121| 40 per cent horizontal = [ 3.201| .107| .259| .4z2| .o91| .141] .677| 4.893 
| | | | 50 do. squarensst =| =| fF | | | } | 
questa iN. Mex. ‘1929-30, 17, 959] 90 per ceit horizontal nn ( 8.98" ) { | 2.63 ) }11.62 
a ae ae eee ee ee ee eee 
Various |Michigan| 1927 [400,000] Horizontal and rill ss | («1,877 ) | ( .621 =) | a.r| - | - | 2.689 
‘sopper) | | | i a a eee re ee | | 
champion |Michigan| 1930 [193,597] == do. | 1.649] .107[ .172| .109} .192| 197] .102| 2.528 
fatanambre [Cuba = |_-—-:1928 |364,746| 70 per cent horizontal | 1.433; .155| .200| .269| .087| .161| .264| 2.569 
; f 4 te on or fF oF oF otk Oe 
Zaruga |Ecuador |1920-22|270,000|Horizontal and rill ee ee ee ee 


1 - First six sonths. 

2 - Costs for November, 1924. Stated originally in Mexican currency and recalculated in this table to United States currency 
2a the basis of $0.535 gold per $1.00 silver (Mexican). 

4- Last five months. 


Table 5.~ Mining costs-Continued 


at 


Mine [Development | Stoping | Haulage |Hoisting |General underground | Pumping | Surface expense applicable to/|Totai 
Seg eee a a en ae ean, PONS SINE eN Sy CaN eee enee mea (EEE | SeREre OR er | nderground mining 
Joited Eastern ; $0.518 | $2.925 | - | $0.275 ! $0 .248 | $0.052 | - pr 
le Colorada | 561 | 1.203 | ( $0.166 } | 278 = | $0.233 | 2.441 
Pilares |  .399 | 1.370] ( 9.370) | 250 j= 4 211 | 2.600 
zi Tigre? | aaa | 2.70 | $0.67 | .219 | 34 | a 69 | 6.07 
Pecos | aa | 2.396 | | Tl) | 385 | 278 | 3010 | 4.898 
Questa |} 620 | ss | - | - | - } - | - 11.61 
Wickigan copper — | 598 |; 1.765 ) {| .158 | ? } 180 | - | 2.780 
Champion | 490 | 1.163 | | 552 | .078 | 133 | 112 | 2.528 
Wstahaabre | Tl |) (1.267 | | 3388 | 164 | a il .019 | 2.569 
Zaruma | 2 = ; - | - | 4.15 


>- Costs for November, 1924. Stated originally in Mexican currency and recalculated in this table to United States currency 
on the basis of $0.555 gold per $1.00 silver (Mexican). 
+ - Assaying only, other surface expense being distributed. 
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Table 6.— Cut-and-fil] stoping costs 


Nine Locatioa Date : Method 
| | | 
| | | 
Pt 
ee De | os 
United Verde...... ae : 1929 Horizontal cute-and-fill 
Do. | ao 1928 IRi11 
United mai do. | 191724 )Horizontal cut-and—fill 
Iron Cap........{ do. | 1923 R412 
Camebell. | do. | 1926=29]Ri21 No. 68 
Du. | do. | 
Do. - do. 1928-29! Mostly ri1i4 
La Colorada...... iMexico 51931 [Horizontal cuteand=fill 
Do. | do. | s 1929 liarisente cuteand=fill 
Do. | do. | ®isz9 asa 
batetee are oo do. | 1929 liowtaaptal Cuteand=fill 
“Do. do. | 1929 [Rina 
Pecos............... New Mexico| 1929 |Horizontal cuteand=fill 
Eighty-Five....| do. | 1g2e30/Ri11 No. 10 
1929—3C Rill No. 26 


Michigan copper Michigan 1927 Horizontal cut-and=ri11° 


mines 


| 
| 
i 
| 
Do. | do. 
: 
- i 
1 


| 
}%1930 [Rana 


————= 


Cnampion. .... do. 


| Tonnage |Labor |expic— | timber! Com |Power lotner | OMe. 


600,000 
159 ,000| 


c 


| g5,211| 1.20 | 

Pan ere) sieaa| 

| zo,e04! .70 

| 280,527| .765 

| 48,952] .256 

| 34,06c] .500 

| 17,314| .494 

|7s00,000! = 

|7150,000| = 
81,827| 1.52 

7,034| 1. 

| 4,056 1.6 

| _— 1.340 

| 

| 193.597| .852 


super 


| 
| 
| | vision| 
| 
| 


| 
| 
ene (es 
"40.85 
271 


l1=— Sixty and 3 per cent, respectively, of estimated -niual tonnage of 1,900,000. 


p. 320. 3— Cbtained by combining separately stated costs of stoping and filling. 


tonnage from other types of stopes. 5 = First six months. 6 ~ Filling cost. 


of 1929 tot3l tonnage of 835,036. 8 — Including small amount of rill stoping. 


five months. 
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4—> Entire Campb3ll area, 


16, 


April li: 


including «= 


7T- F ftymnine and 18 por cent, 


9 - 0.405 includes all supplies. 
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Figure 21.—Stoping method at Tiro General mine, San Luis Potosi 
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